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INTRODUCTION 
Is control over the quality of water lost once it leaves the treatment plant? 
Must the deterioration of water quality between the time it is treated until it 
arrives at the tap continue to frustrate the efforts of waterworks men to deliver 
a high-quality product? How can infestations of clams be combated? Is it pos-
sible to prevent gross accumulations of slime-forming bacteria in water mains? 
What means are avai lable for protecting the distribution system of a community 
(frequently, its most valuable piece of property) from the aggressive attack of 
corrosion and, at the same time, avoid the "hardening of the arteries" caused 
by scale deposition? If the water being forced into the mains is iron-free, why 
does iron appear in the product delivered? On the other hand, why docs the 
residual chlorine, with its oxidizing energies, disappear, thereby creating doubts 
as to the bacteriological safety of the water? What benefits in water quality are 
obtained by improved circulation in , or flushing of, the distribution system? 
How can we avoid stains, either red, black, or blue, in our consumer's wash 
basins and sinks? 
These and many other very real problems were considered at the Fifth Annual 
Sanitary Engineering Conference at Urbana, Illinois. The conference, sponsored 
jointly by the Illinois Department of Public Health, Sanitary Engineering Divi-
sion, and the University of Illinois, Department of Civil Engineering, had as its 
theme, Water Quality in Distribution Systems. 
To the uninitiated, this general topic might seem rather trivial. After all , at 
least in terms of quantity (and neglecting leaks), what goes in a pipe must come 
out. And, of course, quality is controlled at the treatment works. However, 
from the observations and personal experiences of the conference speakers, it 
became painfully clear that in many cases water quality problems begin with the 
distribution systems. The conference committee would like to take this oppor-
tunity to again thank the speakers for their participation and excellent presen-
tations. 
Conference Committee 
Illinois Department of Public Health 
W. J. Downer 
G. E. Margrave 
0. S. Hallden 
University of Illinois 
R. S. Engelbrecht 
B. B. Ewing 
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WHAT IS QUALITY WATER? 
RAY:\WND J. FAUST1 
The word "quality" in this title means very 
little until we define the use to which the water is 
to be put. Only then can we become specific. Since 
our interest is public water supply, the term 
"quality water" relates primarily to domestic 
water and will be so treated in this discussion. 
The quality of water from public systems has 
changed as local needs have changed. In the 
early nineteenth century, the beginning of our 
earliest public water supplies, the primary need for 
\rnter from the public system (one may use New 
York City as an example) was for fire protection 
and sanitation. The sanitation needs then were not 
the same as they arc today. At that time water 
was needed to flush the streets of animal manure 
and other wastes to control odor and fly problems. 
Bacteriological safety wa not recognized as a 
problem at that time because contaminated water 
was not yet suspect as a vehicle of disease. It 
must be remembered that the germ theory of dis-
ease was still not known; nor was clarity a prob-
lem because turbid water was just as efficient in 
street flushing and in fighting fires as was clean 
water. 
As our villages and cities grew, increasingly 
more dependence was placed on the public supplies 
for water for additional purposes, chief of which 
were for drinking and other domestic uses. These 
new uses placed additional burdens on the quality 
of the water delivered. Dirty or turbid water \\"aS 
not suitable for drinking, cooking, bathing, or 
washing clothes and focally contaminated water 
was a serious deterrent to health and happiness. 
So the country, particularly the water supply 
industry, faced the serious problem of how to treat 
raw surface water to make it safe for people to 
drink and to make it reasonably clean for other 
domestic uses. It was then that the term "quality 
water" or "water quality" took on a new meaning. 
It had to, because safe water was necessary to 
protect lives and to help make city life practical. 
1 Executive Secretary, American \Vater \Vorks Association. 
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Water quality was being changed to meet new 
problems and new conditions. 
Providing safe and clean water was not an easy 
task. In our country it took the sacrifice of thou-
sands of lives, much money, and about fifty years 
to accomplish. It was ultimately accomplished by 
scientists, engineers, public health people, and the 
will of the public. It was a national struggle in 
every sense, fought largely at the local level. 
Some of the fringe benefits of that struggle 
were: (1) the development and adoption of drink-
ing water standards whose primary objective was 
safe water; (2) a solid corps of qualified sanitary 
engineers, water bacteriologists, and water biolo-
gists in both private and public practice; (3) qual-
ified water treatment plant operations at the local 
level; ( 4) public health department personnel 
strongly qualified in environmental engineering 
problems; (5) a strong water works association 
which provided a forum for the public discussion 
of all related problems. This association also pub-
lishes and thereby records and communicates im-
portant industry information, and develops and 
provides material standards used in the industry. 
The evolution in the water industry during the 
last half century has produced astonishing results 
in the health, comfort, and welfare of our people, 
and has also opened up many new frontiers that 
have provided jobs for thousands of our people. 
Today the water industry again stands at the cross-
roads. It must decide \Yhcthcr to go forward or to 
stand still. Safe and relatively clean water is not 
enough. The people want something more. They 
\rnnt water that meets the needs of the home much 
more closely than do present supplies. They want 
the consumer characteristics of water improved. 
What are the consumer aspects or characteris-
tics of water? They arc those features that the 
consumer can recognize. If they are not satisfac-
tory they cause irritation and ill will. For example, 
one consumer aspect of water supply is hardness. 
The consumer is readily aware of this quality by 
the amount of lather obtained with soap. People 
do not like hard water for domestic use. Its pres-
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encc will ahrnys be a source of irritation and finan-
cial waste. 
Taste and odor arc two aspects of water that 
arc readily detected and often cause consumer diffi-
culty. The solution of taste and odor problems can 
be Ycxing and expensive. However, the industry 
has made great strides in solving or minimizing 
such problems and I expect this progress to con-
tinue. Ncccllcss to say, neither an acute taste or 
odor problem nor a chronic one will win friends for 
the 'rntcr utility. 
The remaining consumer aspects of water that 
need attention arc staining, color, corrosion, tur-
bidity, and temperature. 
Staining of sanitary fixtures and laundry pro-
duces unsightliness in the home that is particularly 
Ycxing to the housewife. Brown stains in the bath-
tub, wash basin, and toilet bowl produced by iron-
and manganese-bearing water are not a recom-
mended way to promote friendship for the water 
utility. 1\'cvcrthclcss, hundreds of water suppliers 
in this country continue to deliver iron and man-
ganese rich waters. 
Another type of staining is produced when cop-
per piping in the home is delivering a low pH 
water. The copper carbonate stain which results is 
blue-green in color and rather difficult to remove. 
It is also a constant cause of irritation for the cus-
tomer. Corrective treatment is relatively simple 
and inexpensive. 
Color is a problem, but perhaps not quite as 
widespread as some of the others. However, in 
those supplies where color is high, it presents a 
serious problem for the fastidious housewife. It is 
disconcerting to wonder when you look at a tub of 
off-colored water if you arc going to take a bath 
or have already taken it. 
A corrosive water is also readily recognizable 
to the consumer in high plumbing bills and in 
turbid and colored water. It should be avoided. 
Scale formation in the household water system 
could also be a problem for the consumer but the 
chances of his being aware of it arc somewhat min-
imized. This condition is practically the opposite 
of corrosiveness, chemically speaking. 
Turbidity in water is another feature often rec-
ognized but not appreciated by the consumer. The 
1962 U.S. Drinking Water Standard permits five 
units of turbidity in a supply . This standard repre-
sents a 50 per cent reduction from the previous 
standard. But even so, it is unrealistic. It could 
be much lower and still be within practical reach. 
The final characteristic of water that the con-
sumer is sharply aware of is temperature. Practi-
cally every home provides hot water, but very few 
homes have cold water; nor is a cold (refrigerated) 
\rntcr faucet desirable or needed in most homes. 
The ice cube tray and the refrigerator water pitcher 
arc providing our cold water needs. Even so, I 
believe that there is a need, although not a vital 
one, for a cold 'rntcr tap at the kitchen sink in 
homes located in warm areas and served by a pub-
lic supply derived from a shallow surface supply or 
impoundment. This is not a serious consumer 
problem nor is it a problem that the water utility 
must resolve. Nonetheless, it is a consumer prob-
lem in certain areas \\·hich might need a more 
sophisticated solution than the refrigerator now 
provides. If so, the ans\\"cr lies in the home by pro-
viding refrigerated \rnlcr on tap at the kitchen 
sink. 
To achieve the goal of quality \\"atcr for the 
consumer will, in my judgment, require a ne\Y \Ya-
ter standard promulgated by the industry through 
the American Water Works Association. I take 
this position because the U.S. Drinking Wate r 
Standards developed and applied in the interest of 
public health were never intended to be a standard 
for non-health objectives. Because the authority 
back of this standard is public health lmY, it is of 
necessity limited in scope. The consumer aspects 
of water have few if any public health connota-
tions. Thus, if the \rntcr industry is to do the job 
expected of it, new goals or targets must be 
established. 
With that thought in mind, the A WW A in 1959, 
at its San Francisco Conference, established a task 
group to study the matter of 1rnter quality criteria. 
The task group is composed of Elwood L. Bean, 
chairman; Herbert 0. Hartung; H erbert E . Hud-
son, and Richard L. Woodward. Its report \YaS 
presented at the Philadelphia A WW A Conference 
in June, 1962, and was printed in the November, 
1962 Journal of the American Wat er Works A sso-
ciation. I commend it to you for study. It is 
thought-provoking. It also charts the next step 
forward in water quality. Its application will aid 
materially in attaining a high er standard of living 
for our country. 
One of the most interesting statements in the 
report is: "'Vater delivered to the consumer should 
be clear, colorless, tasteless, and odorless." This, of 
course, is ideal. N oncthclcss, there is a lot of prac-
tical sen c to the statement. For example, the 
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phrase "water delivered to the consumer should be" 
poses a problem of superior distribution system 
house cleaning to which t he water industry has not 
faced up. The industry has accomplished much in 
\Yater t reatment and control, pumping and delivery, 
but in my judgment is lax in maintaining distribu-
tion system cleanliness which would permit the 
contin uous deli,·cry of quali ty water to the con-
sumer. The reasons fo r this a re many. Cost, no 
doub t, is the ch ief deterrent. 
The limits fo r the consumer characteristics of 
water as set fo rth by the task group are not " blue 
sky" objectives. They are obtainable within the 
current knowledge and skills of our profess ion. 
Like everyone else, the water industry must set its 
goals or targets and then sell them to the people. 
This can be accomplished and at not too great a 
cost. To do less is unthinkable. W atcr utili t ics 
provide a service, and their only objective for the 
future must be "better service." 
The water industry must keep up with an ad-
vancing civilization. It can do its share by im-
proving its service to the people by supplying 
quality water. 
CORROSION PHENOMENA, CAUSES AND CURES 
T. E. LAHSOX 1 
Corrn"ion i,; a phenomenon associated "·i th a 
metal and ib em·ironmcnt. For the purpose of 
thi,.; di,.;eussion, the c1wironmcnt will be \Yater, gen-
eral!)· of domc"tic quality. Corrosion takes place 
11·hen a metal dis,.;oln',.; in water. Jn fact, water 
11n1,.;t be present in almost all instanecs for metals 
to c·mTodc, c\·cn if the chief c1wironmcnt is other 
than irater. A second step in the process may be 
the deposition of the oxide of the metal at the 
c·or~·o"ion site. Other metallic compounds such a:; 
C"nrbonates 01· hydrated oxide may also deposit. 
The,.;e "eeoncl-ster products clcYclop particularh· 
11·hen the 1rntcr contains di ssoh·cc\ oxygen. . 
It i,; natmc's tcndenc)" for a metal to corrode 
and tln1,; to rc,·crt to its natiYc stable state as an 
oxide. Ho11·c,·cr, clue to differences in the mineral 
an d ga,.; content,.; of \1·atcr supplies, some \Yater,.; 
promote the solution of metal more rapid!)' than 
other,;. Others may help to develop a protectiYc 
1nincral or an oxide layer against continued cor-
ro;;ion. 
\\"ntc r;; 1d1ieh general!)· permit corrosion are 
f·all cd eorrosil"C, and 'rntcrs in " ·hich the metal 
doc,.; not corrode arc called noncorrosi,·c or pra-
ted i1·e. 
To add a degree of clarification (ancl perhaps, 
eon fusion) different mctab hal"C different tcnden-
c·ie,.; to corrode or not to corrode with the same 
1rntcr. One t:-·pe of 1rnter may be corrosi1·e to one 
metal. but for a 11·atc r of another qualit:--. the 
re1·er"e might be trne. Tt is therefore difficult to 
1nakc gcncralization:3 11·hich arc ah1·ays trnc. 
Ph)""if'al factors which affect con:osion and cor-
ro,.;ion eontrol arc tcn1pcraturc, Yclocit:-· of 11·atcr 
1nm·cmcnt m·cr the metal, change" in direction and 
1·t'ioeity of fto11-, and contact with a second metal 
or nonmetal. 
At the rif'k of oYer-gcneralization, sel"Cral con-
dition;; usually hold true: Higher temperature,.; 
cau~c higher corrosion rate;;. Higher Yelocitic" gen-
cra!I)· incrca,.;e eorrnsion rates. \\'ct contact 11·ith 
9 
a ,.;rc·ond metal cau,.;es corrn,.:io11 of one or the othrr. 
:\otable exception;;: and re1·c r,.;aJ,; of thc"e 11·ill be 
pointed out later in this di,.;cu;;:;ion. All arc inti-
mately n,;,.;ociated \1·ith the mineral and gas com-
po,.:ition of the 1rnter. 
lt i,.; generally accepted that corrnsion re~u]t,.; 
frnlll thr fio11· of clertric current between electrode,.; 
or anodic and cathodic aren,.; on the metal :;:urf:H·c•. 
Tlic,;e area,; rna>· be micrn,.;f·opi<' and in ,·er)" clo,;e 
proxi1nit» , thercb» cau"ing general!)" uniform c·or-
rosion and often " red " 11·atcr; or thcY ma1· be large 
nnd ,.;omc11·hat remote from one another and cau,.;e 
pitting, 11·itli or 1rithout tubcreulation. Electrode 
area,.; may be inclucccl by nniou,.; conditions; ,.;ome 
b:-- tlic characteristics of the metal and ,.;0111c bY tlir 
character of the 1rntcr al the boundar:-- ~u;·fare. 
E,.;peC'iall)" significant arc 1·ariation,; in the con1po-
,;ition of' the metal or the 11·ater from point to point 
on the contact ,.;urface. lmpmitic,.; in tl~e metal, 
,;edimcnt accumulation~, adherent bacterial slinH'"· 
HC'cu111ulation,; of the products of c01To,.;ion - nil 
arc related either direct!:-· or indirectly to the de-
1·cloprnent of electrode area,; for corrnsion eircuits. 
ln almo;;t all forms of pipe eo1To"ion, the nwtal 
goe,.; into solution at th<' anode area,.:. Bec:H1,.;c• a 
1n0Yement of electrons occ·L11·::; 11·hcn the metal c\i,.;-
,.:oil·es, the metal develops an electric potC'ntial. 
I<:lectrnn" liberated at thc,;r area~ fto11· through the 
1ndal to the cathode area,; 11·hcrc they breon1c in-
\'l1il·cd in another chemical reaction and the metal 
clc1·clops another electric potential. Contrnl of ror-
rn~ion b)· 1rnter treatment method" aim;:: at retard-
ing either or both of the primary clcdrodc reaction,;. 
Bccau,.;e electric current;; arc carried h1· ions a,; 
c·o1Hluctor,; in 1rntcr. and lweau,.;c thc~e ion;:: affcd 
the potential,; at both the anode and cathode. ,;onH' 
di,.;cu,;,;ion of the soluble c·omponcnb in 1rntcr i,.: 
ll'arrantcd. 
To :::ome extent, almo;;t all mineral salb di""ol\'C 
in 1rntcr ; from inf'ignifiennt traces to gros,.; con-
centration;:: cxccccling that of ;:alt in sea 1rnter. On 
:>olution, these salt;; ~cparatc into hrn t:--pe;: of ion", 
:rnion,.; and eation,;. The,.;e ion;; haYc oppo,.;ite elec-
tric eharge,.; and arc kept apart b~· tlie 1rnkr ibclf. 
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These ions a re responsible for the abili ty of "\rntc r" 
to conduct an elect ri c current. Pure water has 
relatively few ions. On ly one one-hundred thou-
sandth of one percent of water separa tes into hy-
drogen cations and hydroxyl anions. Therefore, 
pure water, free from mineral salts, has very litt le 
capacity for carrying electri c current. Its electri c 
conductiYi ty t herefo re, is extremely low. 
However, \\·hen minerals arc dissolved in \Yater, 
the resultant ions provide the necessary conduc-
t ivi ty to permit the co rrosion current to flow, \\·ith 
negatively charged anions mo\·ing to the anode and 
positively charged cations moving to the cathode. 
Their accumulation at the respective electrodes is 
limited by other react ions whi ch take place at these 
points. 
The basic electrode reaction s invoh·ing the 
transfer of electrons may be represented as follows: 
Anode: F e - 2e ---? Fe++ 
Cathode: 2c + 2H2 0 ---7 H 2 + 20H-
Whcn dissolved oxygen is present, the cathode re-
action may be represented as cathode: 2c + H 20 
+ V~ O" ---7 20H-. Therefore, with or without dis-
solved oxygen the same amount of hydroxyl ion is 
formed at the cathode and an alkaline condition 
prevails. 
The effect of dissolved oxygen is fe lt in a cri ti-
ca l \my at the anode where the following side 
reactions can take place. 
2Fe++ + H 20 + 11z 0 2 ---7 2Fe+++ + 20H-
The fe rrous (F e++) iron is oxidized to the ferric 
(Fe+++ ) state and reacts with water (hydro lyses) 
to precipitate the insoluble ferric hydroxide. 
F e+++ + 3H20-?Fe(OH) 3 + 3H+ 
The over-all result is the formation of hydrogen 
ions which mainta in a condition of acidity at this 
point. 
2Fc++ + 5H20 + 1/2 02 ---7 2Fe(OH) 3 + 4H+ 
The acidity at this point increases the solution rate 
of iron and mainta in a high potential difference 
between the anode and cathode areas. 
The corrosion rate is limited somewhat by the 
ba rrier of porous ferric hydroxide at the anode and 
the accumulation of hydroxide ions at the cathode. 
It may be further limited by deposition of a dense 
calcium carbonate deposit at the cathode area. 
This occurs with waters containing significant con-
centrations of carbonate hardness. 
The corrosion rate i also limited by the diffu-
sion rate of dissolved oxygen to the anode corrosion 
product. The greater t he dissolved oxygen concen-
trations, the greate r will be its rate of diffusion . 
Tn a like manner, th e greater the velocity of water 
past the anode, the greater will be the rate flt which 
dissolved oxygen is brought to the anode corrosion 
products. The net result of oxygen delivered to t he 
a nodic area is to increase corrosion ra ks. 
On the other hand, dis oln d oxygen does not 
affect the alkaline condition at t he cathode, bu t 
greater Yclocity of \\·fltcr f!O\\' and greater conccn-
trntions of calcium find bicarbonate as \\·ell as car-
bonfltc ions increase the rate at ,,·hich these fi re 
brought to the hyd rox~· I ion concentration devel-
oped at the cathode. The net reaction with hy-
droxyl ions i ~ as follows: Ca++ + HCO:i- + OH-
-? CaCO 3 and the net result is to proYide a ecmcnt-
likc barrier that red uces the corrosion rate. 
This brief summ ary docs not include discussion 
of many other facto rs, such as rela tiYc conclu cti \·-
ity of ions, rclati\·c potential of different metals. 
the effect of hydrogen or hydroxyl ions on these 
potentials, pol a ri zation, and t he diffusion of anions 
and cations. It is evident, ho\Ycver, that the pr i-
mary and secondary reflctions offer a highl y com-
plex set of mechanisms ,,·hi ch fi re interrelated and 
dependent to a great extent on the mineral and gas 
content of the "·atcr. 
Iron has been used a:;; the example metal. With 
no tab le yariations, si milar mcr hanisms and reac-
t ions are inYol ved with other metals. B ecause of 
t hese variations, a ll metals do not corrode equally 
with each water. 
Steel has excellent t ructurnl properties and, 
\\·here possible, is used extensively in the water in-
clu~try. However, experience has usuall ? dictated 
that protective measures be used wh en steel is ex-
posed in a water environment. In some instance , 
scycre chemical treatment if' constituted fo r coflt in g;:; 
when the \Yater is not used for domestic purpose~. 
Steel pipe and other steel conta iners arc seldom used 
for \rnter distribution s:\' stems or household or in-
dustri al \\·ater uses without protective coatings of 
zinc (galYanizcd iron ), cement, enamel , paint, or 
heavy bitumastic or coal tar. Such coatings arc 
necessary no t only to rcduC'c C'orrosion and the lo~s 
of stru ctural strength bu t a bo to avoid ru st and 
"reel \\'ater" problems. Coatin gs, howe\'e r, must br 
complete and con tinuou to be entirely effective. 
H azardous co rrosion condit ions can develop at 
holidays in the coatings, at joints, or other expo-
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surcs of bare metal. The effect of 1rntcr quality is 
noted at these points, and the results arc of great 
concern. The degree of corrosion hazard is, to a 
considerable extent, dependent on the water quality. 
GENERAL CLASSIFICATION BY WATER QUALITY 
The fo1!011·ing classification of \\"atcrs con:,;iclcrs 
the mineral content, dissolved oxygen, and pH 
(acidity) relative to the effect on the corrosion of 
mild steel.* 
No Minerals - Dissolved Oxygen Presen t. In 
the absence of minerals, increasing pH decreases 
corrosion rates by 11·a tcr containing dissolved ox~·­
gcn. However, if the pH is near, but not abon. 
that required for complete protection , pitting oc-
curs, which rapidly clccrcascs the useful life of mild 
steel. Crevices at joints and \Yclds 11·hich do not 
permit oxygen to be maintained at the surface arc 
~ubjcct to localized corrosive attack. 
Pitting takes place at local unprotected points 
of corrosion 11·hcrc the corrosion products prcYent 
the diffusion of oxygen to the metal surface, thereby 
permitting differences in oxygen concentration at 
the metal surface. Similar pitting can occur under 
dcpo:::its of debris. Also, differences in oxygen con-
centration, as at the 1rntcr line of surfaces exposed 
partly to air and partly to 1rntcr, will cause pitting. 
The rate of corrosion increases at higher temper-
atures. 
No Minerals - Dissolved Oxygen Absent. Jn 
the absence of dissolnd ox:vgen, the pH of "high-
purity" ll"ater in mild steel containers adjusts itself 
to about 8.4 and corrosion becomes negligible. 
Ho1Yever, all natural 1Yatcrs arc mineralized to 
some degree. 
Noncarbonate Minerals - Dissolved Oxygen 
Present. In the absence of carbonate minerals, in-
creasing concentrations of other common minerals, 
such as chloride and su lfate salts, in crease the cor-
ro~ion rate at all pH Yalucs bclo1Y the pitting range 
of pH, and increase pitting when the pH is just 
below that required for protection in the presence 
of dissolved oxygen. Increasing temperature ac-
celerates both general corrosion and pitting. 
Carbonate 1\finerals (no calcium) - Disso lved 
Oxygen Present. Carbonate minerals, indicated by 
the alkalinity determination for bicarbonates, in-
hibit corrosion. They act contrary to the acceler-
ating salts of chloride and sulfate in watcr:'i 
containing dissolved oxygen. In the absence of 
• Jlctols llandbook (8th edition). A1norican Society of l\lelals. 
calcium, this inhibition is maximum at pH 6.5 to 
7.0 in concentrations above five to ten times the 
chloride and sulfate salt concentration. It is mini-
mum at pH 8 to 9. At concentrations decreasing 
below five or ten times the chloride and sulfate 
salts, corrosion rates increase. Since nearly a ll 
natural domestic 1rntcrs or carbonate minerals con -
tain alkalini ty, and in addition usually contain 
chloride and sulfate salts, this too is a criterion in 
classification. 
Minerals - Dissolved Oxygen Absent. In the 
absence of dissolved oxygen, the types of minerali-
zation arc less important with respect to usefu l li fe 
of mild steel. This is indicated by t he following 
t1rn examples: (1) Plumbing experience indicates 
that prorcrly designed hot water heating systems 
can be made of steel, provided that no water (do-
mestic) is lost from the system; avoid ing the addi-
tion of make-up 'rntcr containing dissolved oxygen 
also prevents loss of corrosion products that inhibit 
the corrosion. (2) The useful life of steel used for 
feedwatcr heaters, boilers, and piping for power 
plants may be extended considerably by maintain-
ing an oxygen-free boiler fccdwatcr. 
Calcium Salts - Dissolved Oxygen Present. 
From the standpoint of corrosivity, stability as in-
clicatcd by saturation 11·i th calcium carbonate is the 
most widely accepted criterion in classification. 
However, for uncoated mild steel, a very significant 
supersaturation must exist to form a visible deposit. 
HO\rnvcr, even this criterion is not infallible. It 
has specific limi tations: 
(1) A minimum alkalinity of 50 to 100 mg/ I 
(calculated as CaC03 ) and a minimum of about 
50 mg/I (as CaC03 ) calcium must be present at 
normal temperatures (32° to 160 °F) for even a 
small degree of extended life. 
(2) The greater the concentrations of calcium 
and a lkalinity, the greater the protective action of 
the water. Howm·cr, such increasingly high con -
centrations arc responsible for an add itional tend -
ency to deposit objectionable quantities of sca le at 
temperatures above that at which saturation stabil-
ity is established. 
(3) The protective action is enhanced by move-
ment of the 11·atcr and decreases at near-stagnant 
conditions. 
(4) The protective action may be nullified at 
higher temperatures when the pH is high enough 
to deposit nonprotectivc magnesium hydroxide. 
(5) Pitting and tuberculation 11·ill occur in the 
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pre ence of di solved oxygen if the stability and 
velocity are near, but still below that required for 
complete protection. 
(6) The protective action is decreased by in-
creasing proportions of chloride and sulfate salts 
above a ratio of about 0.1 or 0.2 to 1 with respect 
to alkalinity. This limitation becomes less signifi-
cant in the ab encc of dissolved oxygen. 
TYPES OF CORROSION 
There arc many types of corrosion. Each has 
it own charactcri tics and offers clues to the 
causes and sometimes to the characteristics of the 
environment. The possible types of control may 
al o be deduced. 
Uniform Corrosion is recognized as taking place 
at a generally equal rate over the surface. The loss 
in weight i directly proportional to the time of 
expo urc; the rate of corrosion is constant. It is 
u ually associated with acid , or water with a very 
low pH and very little protective properties. Mild 
steel corrodes in neutral, low calcium, and low 
alkalinity salt water at a rather uniform rate. 
Pitting Corro ion is nonuniform and more gen-
erally observed than uniform corrosion. It occurs 
in an environment which offer ome but not com-
plete protection. The pit develops at a localized 
anodic point on the surface and continues by virtue 
of a large cathodic area surrounding the anode. 
Chloride ions are particularly notorious for their 
as ociation with this type of corrosion of tee!. 
Even stainless steel is subject to pitting corrosion 
"·ith relatively high chloride solutions. Pit may 
be sharp and deep or shallow and broad, and can 
occur without chlorides. In water containing dis-
olvccl oxygen, the oxide corrosion products deposit 
over the site of the pitting action and form 
tu bcrclcs. 
Pitting-type corrosion may also be associated 
\Yith galvanic corrosion, concentration corro ion , 
and crevice corrosion. 
Galvanic Corrosion is as ociated with the con-
tact of two different metals or alloys in the same 
environment. Almost all metals and substances 
have different solution potentials whether in the 
. arnc or in different environments. When two met-
als come together, the difference in potential results 
in current flow, and one of the metals becomes 
anodic to the other, which serves as the cathode. 
The anodic metal corrodes and the cathodic metal 
doc not (or if so, at a relatively low rate). The 
cathodic metal is said to be protected at the ex-
pen e of the anodic metal. To be exact, all corro-
sion is galvanic in the sense that an electrochemical 
cell is the source of the corrosion current. 
The rate of galvanic corrosion is increased by 
greater differences in potential between the two 
metals. It i increased by large areas of cathode 
relative to the area of the anode. It is generally 
increased by closeness of the two metals, and also 
by increased mineralization or conductivity of the 
water. 
Galvanic corrosion is often a great source of 
difficulty when brass, bronze, or copper is in direct 
contact with aluminum or galvanize, or iron. Cop-
per-bearing metals are cathodic to aluminum, zinc, 
and iron, and their underwater contact very often 
re ults in corrosion of the latter metals. Similarly, 
mill scale on steel is cathodic to the steel; iron 
oxide is cathodic to iron; cement is cathodic to 
copper; carbon is cathodic to iron; iron is cathodic 
to aluminum; and iron is cathodic to zinc. These 
are generalizations. 
Galvanized (zinc coated) steel is usually more 
serviceable than steel alone, because the iron ex-
posed at joints and holidays is protected at the 
expense of the zinc. In general, longer life may be 
expected with greater thickness of the zinc coating. 
Zinc in many natural waters containing alkalinity 
of 50-100 mg/ I or more will form an insoluble 
protective coating of zinc carbonate or zinc hy-
droxyl carbonate in the pH range of 7.5 to 8.5 at 
room temperature or lower. In hot water tanks, 
there is some evidence that zinc becomes cathodic 
to iron at temperatures above 140° to 160°F with 
certain types of waters. Traces of copper (0.1 
mg/ I) in the water can "plate out" on zinc and 
result in local pitting. Copper-containing waters 
have a similar, if not more serious, effect on 
aluminum. 
Concentration Cell Corrosion is perhaps the 
most prevalent type of corrosion. Because it is 
difficult to ascertain by field measurement, it is 
usually deduced by inference. It occurs when there 
are differences in the total or the type of mineral-
ization of the environment. Differences in acidity 
(pH), metal ion concentration, anion concentration, 
or dissolved oxygen cause differences in the solu-
tion potential of the same metal. Differences in 
temperatures can also induce differences in the 
solution potential of the same metal. 
It has been previously noted that in water con-
taining dissolved oxygen, the corrosion products 
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deposit at the anode, and in the secondary reaction 
of oxidation of ferrou iron to ferric iron and sub-
equent hydrolysi , hydrogen ions are formed. This 
greater acidity at the anode results in a hydrogen 
ion concentration cell at this point and increases 
the rate of corrosion . In the same instance, dis-
solved oxygen cannot diffuse or penetrate to the 
anode surface becau e it first reacts with the fe r-
rous iron; thus, there i an absence of oxygen at the 
anode. But oxygen can diffuse to the cathode area 
and result in an oxygen concentration cell which 
also increases the rate of corrosion at the point of 
absence of oxygen. In a like manner, it has been 
previously noted that hydroxyl ions accumulate at 
the cathode area. This results in a dra tic reduc-
tion in hydrogen ion concentration which, there-
fore, enh ances the concentration cell related to the 
development of hydrogen ions at the anode. 
It should be noted that although the dissolved 
oxygen usually stimulates corro ion, the los in 
metal take place at the anode - "where the dis-
olved oxygen ain't." 
Oxygen concentration cells develop at a water 
surface exposed to air, and corro ion is accelerated 
at a level which is a discreet distance below the 
surface. The dissolved oxygen concentration is 
replaced by diffusion from air and remains high at 
and near the surface, but does not replenish as 
rapidly at lower depths because of the distance. 
Therefore, the corrosion takes place at a level 
slightly below the urface rather than at the 
surface . 
Dirt and debri on a metal surface hinder oxy-
gen diffusion by covering the metal at local areas. 
Thus, corrosion takes place under the deposit. 
So, it is evident that any nonadherent deposi-
tion on metal can start a chain of circumstances 
whi ch '.vill re ul t in an oxygen concentration cell. 
Crevice Corrosion might be classed as a form of 
concentration corro ion , because, when oxygen is 
spent on corrosion in a crevice, it is difficult for 
more o:>..-ygen to reach the metal by diffusion into 
the depth of the crevice. The crack or crevice, or 
the uneven joint between two surfaces of the same 
metal bound together face to face, behaves as a pit 
where oxygen can reach the exposed surface but 
becomes deficient in the crevice; thus, an oxygen 
concentration cell i formed and corrosion takes 
place in the crevice. 
There are other types of corrosion, such as 
dezincifi cation of bras , graphitization of cast iron , 
stress corrosion, corrosion fatigue, erosion corrosion, 
cavitation , and corrosion caused by stray current . 
Thei r relevance to this discussion is minor. 
One other possible factor in corrosion is worthy 
of mention . This concerns the effect of sulfate re-
ducing bacteria. Corrosion induced by such bac-
teria is not uncommon on the soil ide of pipe but 
is seldom discussed in connection with in ternal pipe 
corrosion. This has been due to the absence of a 
good test for the organisms and the assumption 
that the organism would not live in the presence 
of air or chlorine. This may well be true, but there 
is mounting data to show the presence of such bac-
teria in distribution systems. This results from new 
procedures for their cultivation in water samples. 
Their presence may be explained by the fact 
that the underside of tubercles provides an ana-
erobic environment with an oxidation-reduction po-
tential (ORP) probably less than - 100 rn.v., and 
neither chlorine nor dissolved oxygen can get to 
them. Their mode of growth is usually ascribed to 
a reaction of sul fate with organic matter or hydro-
gen as reducting agent to form H 2S. Recent infor-
mation suggests that they do not thrive on hydro-
gen without organic matter. H owever, hydrogen 
accelerates growth. Possibly, there hou ld be fur-
ther exploration to determine if the ferrous ion as 
a reducing agent accelerates growth. Oxidation and 
precipitation as magnetite (Fe:.0 4 ) as well as fer-
rous sulfid e would result in an excess of hydrogen 
ions to enhance the corrosion rate of iron. 
CORROSION CURES 
Most of the usual procedures are impractical as 
cures for internal corrosion of distribution piping. 
Cathodic protection and metallic coatings are frc-
quen tly applied procedures. The extent to which 
alloying can be made effective, as well as commer-
cially competitive, has not yet been proven in the 
published li terature. T hese methods arc rare!? , if 
ever, used for internal protection of pipe. 
Cast iron pipe i used extensively in present 
distribu tion systems. The following remarks arc 
therefore directed primarily to the use of this 
material. These remarks must not be quoted out of 
context and should only be classed as generaliza-
tions. Organic coatings such as enamels or tar and 
bituminous coatings are effective on ly to the extent 
of their coverage and durability. The same can be 
said for the newer organics such as epoxy coatings. 
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The tar and bitumastic coatings have in many in-
stallations, particularly for unaerated ground wa-
ter, performed yeoman service but have on occasion 
failed when used for unstabilized soft surface wa-
ters and for some aerated ground waters. Many of 
the e failures could have been prevented by ade-
quate water treatment. 
The be t general records of success with coat-
ings appear to center around cement linings. Usu-
ally these records are dependent on the quality of 
the water. With hard waters the record is very 
good, but with very soft waters the record is less 
enviable. However, for many years bituminous 
seal coatings have been applied to the cement 
linings and have met with good to excellent results, 
again depending upon the coverage and durability. 
What is said about cement linings is generally 
equally true of cement-lined steel and of nonmetal-
lic pipe such as transite. Other nonmetallic pipe, 
uch as plastic, have yet to be made competitive. 
The remaining methods for prevention and cure 
lie in alteration of the environment and in hydrau-
lic design. These two are associated because the 
design, as related to the velocity of flow, can be a 
strong factor in the successful application of en-
vironmental inhibitors. 
By far the most applicable and successful con-
dition for preventing red water and tuberculation 
is the natural occurrence, or controlled production, 
of a stable or a supersaturated water with respect 
to calcium carbonate. This is not always a cure-all. 
There are limitation . Some of the limiting factors 
have been mentioned, such as velocity of flow and 
minimum concentrations of calcium and alkalinity. 
Protection by a calcium carbonate film or coating 
must be complete, or tuberculation will occur. Par-
tial protection can be worse than no protection, 
from the standpoint of carrying capacity, although 
partial protection may reduce red water to a con-
siderable extent. 
A few practical passing comments can be made. 
For lime-softened waters of low alkalinity and cal-
cium concentrations approaching 50 mg/ l, the sat-
uration index may have to be as great as 1.0 to 1.3. 
At summer temperatures the rate of deposition is 
greater and may be excessive in the areas close to 
the treatment plant. The use of a trace (0.25 to 
0.5 mg/ l) of polyphosphate should be of help under 
such conditions and should also serve to prevent 
lime build-up and growth on the sand grains in the 
filters. Polyphosphate has no effect on the tend-
ency for deposition of magnesium hydroxide. 
Open-air reservoirs tend to add C02 to the wa-
ter at the high pH levels (increasingly at pH levels 
above 8) and to reduce the saturation index. Heavy 
chlorination for algae control at these reservoirs 
also tends to reduce the pH and the saturation 
index. Dead-end difficulties may be overcome by 
application of caustic or soda ash to the discharge 
from these reservoirs. 
Sulfate-reducing bacteria are of no help. How-
ever, too little is known about their manner of 
growth and their effect in aqueous conditions to 
know what to do about them. Certainly, organic 
matter should be absent, if this is their only source 
of carbon for growth. 
Ammonium-oxidizing bacteria convert ammonia 
in the presence of oxygen to nitrate, thus convert-
ing a cation to an anion which resu lts in an increase 
of hydrogen ions. Again, too little is known about 
the magnitude of this effect, and proof is absent 
on the association of these bacteria with corrosion. 
Some comment must also be made on the l\Ic-
Caulley procedure for coating metal with calcium 
carbonate within a few hours after a section of 
water main has been cleaned. The procedure is 
sound but delicate and difficult to perform in the 
field. One factor in Dr. McCaulley's success is 
different from field conditions. This concerns the 
reported application to a clean, sand blasted pipe. 
Whether this is essential or not has yet to be dem-
onstrated, but it is certain that coating a clean pipe 
should be easier than coating a tuberculated or 
partially clean pipe. Also, from the available data , 
few if any of the McCaulley tests were made at pH 
less than 8. For such conditions, an effective super-
saturation would require several times the amount 
of alkalinity used to provide the high degree of 
supersaturation. This of necessity would require 
that only sodium bicarbonate rather than soda ash 
be added to obtain the necessary excess. This then 
requires more chemicals. However, chemical costs 
are negligible. The solubility of sodium bicarbo-
nate is lower than that of soda ash, and a larger 
stock solution container (possibly 500 gallons) may 
be required. Again, however, this should not be an 
insurmountable objection. This writer believes that 
further field work with the McCaulley technique is 
worth while. Aside from cement lining, no other 
satisfactory in-place protection has been suggested 
for the many miles of low-capacity pipe now in 
use, although the need is great. Of course, it is 
essential that a properly balanced water be used 
after this type of deposition has been applied. 
SOME EXPERIENCES IN SCALE AND CORROSION CONTROL 
A. H. ULLRICH1 
IMPORTANCE OF SCALE 
AND CORROSION CONTROL 
In the author's opinion the four most trouble-
some and costly results of excessive and uncon-
trolled corrosion are: 
(1) Unsightly water, such as red water. 
(2) A water which stains plumbing fixtures. 
(3) Failure of mains and consumers' services, 
piping, and fixtures. 
(4) Excessive lo sin carrying capacity of mains 
and consumer ' services and piping. 
The most troublesome and costly result of excessive 
cale formation is, of cour e, loss in carrying ca-
pacity of mains and consumer ' services and piping. 
There have been many discussions on the seri-
ousness of these problems, and progress in solving 
them ha been and is being made. However, in 
order that we may not become too smug with 
respect to our progress, it is well to remind our-
selves that as late as 1955 T. E. Larson<1 >* re-
ported that in many systems the carrying capacity 
has been reduced by more than 50 per cent through 
corrosion and precipitation. 
Excluding such obvious factors as partially 
closed valves and other obstructions, the carrying 
capacity of a given water main is dependent on the 
smoothness (or roughness) of the inside surface 
and on the pipe diameter. Both the smoothness of 
the inside surface and the pipe diameter can be 
adversely affected by corrosion and by the deposi-
tion of material from the water. 
Corrosion seldom proceeds at a uniform rate 
over the entire inside surface of pipe. Uneven or 
nonuniform corrosion increases the roughness fac-
tor and results in reduction of carrying capacity. 
If the products of corrosion adhere to the interior 
surfaces of the pipe, as in tuberculation, then the 
carrying capacity is reduced both because of the 
resulting roughness and because of a reduction in 
effective pipe diameter. 
1 Superintendent of the Department of Water and Sewage Treat-
ment, City of Austin, Texas. 
* Subscript numbers in parentheses refer to references. 
15 
Scale formation or the deposition of material on 
the interior surfaces of pipe will also reduce the 
effective pipe diameter. If the rate and uniformity 
of deposition can be controll d so as to result in 
the formation of a smooth, thin protective coating 
which materially reduces corrosion, then the bene-
fits far outweigh the probable negligible reduction 
in pipe diameter. If, however, the uniformity of 
deposition of incrusting material is not, or cannot, 
be controlled and the resulting deposit or scale is 
irregular and rough, then the carrying capacity of 
the pipe may be seriously impaired even though 
the deposit is relatively thin. 
EXPERIENCES IN CORROSION CONTROL 
The author's earliest responsible experience in 
water treatment dates back to the late nineteen-
twenties when he assumed the position of chemical 
engineer with the Fort Smith, Arkansas Water De-
partment. At that time, Fort Smith used the 
Poteau River for its source of supply. This water 
had an average bicarbonate hardness of about 75 
parts per million, a reasonably low sulfate hard-
ness, and a total dissolved solids content of less 
than 150 parts per million. While turbidities were 
sometimes quite high, the raw water was generally 
of good quality and not too difficult to treat. Treat-
ment consisted of coagulation with alum and lime, 
sedimentation, filtration, and chlorination. No par-
ticular difficulties were experienced except from 
occasional saline and very turbid backwaters from 
the Arkansas River and from infrequent discharges 
of acid mine water from coal mines in the drainage 
area. There were few complaints from red water or 
from corrosion of consumer piping. There was, of 
course, some tuberculation in cast iron mains , but 
this was accepted as something you had to live 
with. It was also believed, perhaps with some justi-
fication,<2> that chemically treated water (other 
than lime-softened water) is, by nature, more cor-
rosive than the same water in its natural, untreated 
state. 
While the normal Poteau River water was of 
good quality, acid mine water discharges in the 
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drainage area increased, and the periods of highly 
saline Arkansas River backwater became more fre-
quent and of prolonged duration. This led the city 
to abandon the Poteau River supply in favor of an 
empounded mountain stream supply known as the 
Clear Creek supply. 
The empounded Clear Creek water is a very 
oft water. It ha a total bicarbonate hardness of 
the order of 15 mg/ l and a total dissolved solids 
content of only about 50 mg/ I. The pH range of 
the raw water varies from about 6.8 to about 7.1. 
The dis olved oxygen at or near the surface of the 
lake i near the saturation point. At depths greater 
than 37 feet the dissolved oxygen may be as much 
as 50 to 75 per cent of saturation. The raw water 
contains traces of manganese, more being present 
near the bottom of the lake than at the surface. 
The greater part of the drainage area is wooded so 
there are infrequent periods of high turbidity. 
The original Clear Creek project included an 
empounding reservoir, a modern treatment plant, 
and a gravity pipe line into town. Treatment facil-
ities were provided for coagulation with alum and 
lime, flocculation, eclimentation, filtration, and 
chlorination and ammoniation. Facilities were also 
provided for use of activated carbon, if needed , for 
seasonal taste and odor contro l. 
No particular problem in the treatment of the 
Clear Creek water was anticipated. It was thought 
that the water would re pond well to coagulation 
with alum and that any possible corrosion problem 
could be solved by a slight ad justment of the pH 
at the time of coagulation. However, it was soon 
found that the optimum pH for coagulating with 
alum was ome\Yhat below pH 7.0 and that the 
range of satisfactory coagulation was exceedingly 
narrow. Due to the almost complete absence of 
buffering action, a slight change in either the alum 
or lime feed would result in the loss of floe or in 
the formation of pin point floe. Since no good 
means had been provided for adjusting the pH of 
the filtered water, we started treatment by coagu-
lating with a lum at a pH of 7.0 to 7.2. 
As might be guessed, we started receiving red 
water complaints oon after the soft, high dis olved 
oxygen content water reached our distribution sys-
tem. Vve knew that part of the trouble '"as caused 
by the disintegration of old rust deposits in the 
mains and that part of it was clue to a reversal of 
flow in the main , but we also oon recognized the 
fact that we were faced with a rather severe cor-
rosion problem. Red water from galvanized tank 
hot water heaters became especially troub lesome, 
and fai lure of new galvanized tank hot \Yater heat-
ers began to be reported \Yithin eighteen month s 
after the change to the new supply. 
Our first attempt at corrosion control ,,·as a 
reduction in the chlorine dosage. ' V c had been 
treating to a chloraminc residual of about 0.6 mg/ I 
in the fi ltered water. Since \\·e practiced prcchlori-
nation and preammoniation, we found that a safe 
water could be produced by maintaining a chlora-
minc residual of on ly 0.35 mg/ I in the filtered \\· ate r 
and on ly about 0.1 mg/ I in the distribution system. 
While this did not solve the corrosion problem, 11·e 
did notice a definite reduction in reel 1rntcr com-
plaints. 
Our second attempt at corrosion control in-
volved pH adjustment. ' Ve started experimenting 
with chlorinated coppcras for coagulation but, for -
tunately, Monsanto Chemical Company's ferric 
sulfate, Fcrrisul, was placed on the market about 
this time and we immediately began converting to 
its use. We found that the optimum coagulation 
pH for it was about 6.7 and that it had a much 
wider satisfactory coagulation pH range than did 
a lum. ' Ve also found that \\'e could coagulate at 
pH 6.7 and then add a second close of lime at the 
encl of flocculation , but prior to settling, without 
damaging the floe . Finding th is simple method of 
adjusting the pH led us to adjust to the then much 
publicized calcium carbonate stability point which, 
for the Clear Creek vrntcr, was about pH 9.2. The 
adjustment to this higher pH resulted in a new 
wave of red '"ater complaints, but these subsided 
afte r the distribution system became stabilized to 
the nc\\· treatment. 
We continued the higher pH adjustment until 
the author noticed that small, whitish "blisters" 
were forming on the exterior of the galvanized 
piping of the Bayliss type surface filter 1rnshing 
;;ystem which we had installed. On examination of 
the material in the blisters we found it to be zinr 
oxide or zinc hydroxide and we came to the sudden , 
unpleasant realization that the high pH 1rnter, in-
stead of laying down a deposit of calcium carbon-
ate, 11·as actually remoYing the zinc from galva-
nized surfaces. The reason was simple. In order to 
deposit a protective fi lm of calcium carbonate by 
pH adjustment, the water must contain sufficient 
calcium and carbonate or bicarbonate. The Clear 
Creek water did not contain enough of either cal-
cium or carbonate ions . 
It was, of course, realized that removal of zinc 
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from galvanized urfaces would increase rather 
than decrease the corro ivenes of the water to 
customer ' galvanized piping and hot water heaters, 
so we reduced the pH without delay. Subsequent 
laboratory tests and field experience indicated that 
adjustment to pH 8.8 would be safe and thereafter 
we maintained the fini bed water pH between the 
limits of pH 8.5 and pH 8.8. 
Treatment to low chloramine residuals and sec-
ondary lime treatment to pH 8.5 to 8.8 solved the 
red water problems but did not solve excessive gal-
vanized tank hot water heater failures. Examina-
t ion of a number of galvanized tank heaters showed 
that they contained uninsulated tin cold water 
down pipes and some of them contained uninsu-
lated brass fitted thermostats. It was quickly 
proven that the exce sive corrosion was caused by 
galvanic action and that the "good mountain wa-
ter" just did not contain sufficient calcium carbon-
ate (hardness) to depo it a protective scale as had 
been t he case with the former Poteau River water. 
ince "glass" lined heaters were still very new, cus-
tomers were advised to install monel metal or cop-
per lined heaters or protect their galvanized tank 
heaters with the slowly soluble sodium hexameta-
pho phate, Micromet. 
EXPERIENCES IN SCALE CONTROL 
The author returned to Austin, Texas, late in 
1947 to a sume charge of the water and sewage 
treatment plants. Au t in had been lime soften ing 
Colorado River water ince 1925. The practice had 
been to soften to such a degree t hat twice the 
phenolphthalein alkalinity of the filtered water 
would be a little less than, or equal to, its methyl 
orange alkalinity. The filters were used for partial 
stabilization but a slight supersaturation of calcium 
carbonate remained in t he filtered water. Although 
there had been talk from time to time that perhaps 
recarbonation should be started, conditions did not 
seem to warrant the added trouble and expense. 
Corra ion was definitely not a problem and, while 
some loss in the carrying capacity of the mains 
was recognized, this al o did not appear to be a 
serious problem. Because of this excellent history 
of the sy tern it wa the author's decision to con-
tinue the ame general method of treatment. 
The author's belief that, for Austin's water 
supply the partial stabilization achieved by pass-
age of the softened water through the filters was 
adequate, was further strengthened in 1950 when 
planned changes in the plant necessitated removal 
of a section of 24-in ch cast iron wash water line 
which had been in service since 1925 and a section 
of a 20-inch cast iron high service pump discharge 
line which had been in service since 1936. Inspec-
tion of these lines showed each to have a very thin, 
dense and smooth calcium carbonate coating -
approximately the t hickness and smoothness of an 
egg shell. There was no evidence of corrosion and 
the film of calcium carbonate appeared to be as 
near perfect as one could wish. For this reason and 
perhaps because everyone \Y as too busy \Yi th the 
post ·world War II expansion program, it was not 
until 1953 when flow measurements were made on 
a three-year-old 30-inch steel cylinder concrcle 
t runk main that serious trouble came to our atten-
t ion. These measurements showed a pronounced 
loss in carrying capacity. On opening the main 
for in spection it was found that the calcium car-
bonate film was thicker than desired and very 
rough. One of our men described it as being ":;;aw 
toothed" and I could think of no better way to 
describe it. An interesting but disturbing observa-
tion was t hat the "teeth" all pointed into the direc-
t ion of the flow of water. Another observation was 
that the deposit was roughest in the upper half of 
the main. 
After inspection of the almost new 30-inch 
trunk main, consideration was immediately given 
to recarbonation ahead of filtration or to furth er 
stabilize the already partially stabilized filtered 
water with sodium hexametaphosphate. Stabiliza-
tion with sodium hexametaphosphate was final ly 
chosen because of the ease with which dosages 
could be controlled and because of the possibil ity 
that th is t reatment \YOuld slowly remove the sharp 
"teeth" from the existing rough films, prevent the 
formation of additional rough deposits, and give 
more uniform protection to the entire distribution 
system. 
The use of sodium hexarnetaphosphate 'ms 
started in 1954. A dosage of 2.0 mg/ I was used for 
about three months. After this period the dosage 
was redu ced to 1.0 mg/ l. Subsequent inspections 
of the 30-inch trunk main have shown a continuing 
removal of the calcium carbonate deposit. Inspec-
tions of a 42-inch t runk main which was installed 
in 1954, shortly before the sodium hexametaphos-
phate treatment was started, has shown no appre-
ciable film formation. F low measurements on both 
the 30-inch steel cylinder concrete t runk main am\ 
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on older cast iron mains have shown a continuing 
improvement in the carrying capacity of the mains 
under observation. Since the use of sodium hexa-
metaphosphate there has also been a pronounced 
improvement in meter maintenance. Prior to the 
u e of this treatment we had frequent meter stop-
pages due to calcium carbonate deposition. Now 
stoppages from this cause are unknown and con-
siderable less time is required for meter cleaning 
and repair. 
When we started the u e of sodium hexameta-
phosphate we anticipated that the treatment would 
first blunt the sharp "teeth" of the calcium car-
bonate fi lms. Thi has been the case in some mains 
while in other mains removal of the film seems to 
be at a greater rate in the areas between the "teeth" 
than from the "teeth." When the latter occurs some 
of the "teeth" eventually break off during peak 
. ' fi t " d " flows and appear m consumer x ures as san . 
Complaints about this so-called "sand" have not 
been a problem, but we believe that a much faster 
rate of removal of the incrustation could pose a 
problem. 
From the above discussion it might appear that 
all of our older mains have or have had an exces-
sively rough incrustation. Contrary to this, in 
perhaps the greater percentage of our mains, the 
deposit has been quite smooth. We do not know 
why there should be a difference in this roughness 
factor in different mains. However, we have ob-
erved that usually the deposit is rough and ir-
regular only in those mains which carry water at 
high velocities. 
While the sodium hexametaphosphate treatment 
has definitely given us relief we are still not en-
tirely satisfied with it. For example, we believe 
that if we could remove more of the supersatura-
tion, either during coagulation and settling or in 
the filters, the sodium hexametaphosphate would be 
more effective. This could result in a lower sodium 
hexametaphosphate dosage requirement. As yet, 
we are not even certain that our dosage of 1.0 mg/ ! 
is the best dosage to use with our particular water. 
Unfortunately, as is true with many water utilities, 
we are long on ideas but short on time and person-
nel and we find it impossible to engage in exten-
sive experimental and research work. 
CONCLUSIONS 
From his experiences in treating various types 
of water and from a study of the literature, the 
author has reached the following general con-
clusions: 
(1) Cast iron, steel (except stainless steel), 
and wrought iron all have a pronounced tendency 
to corrode in water. 
(2) All waters have a tendency to corrode iron. 
This tendency is greate t in acid or low pH waters 
and lowest in alkaline or high pH "·aters. In the 
treatment of very soft waters the pH cannot ordi-
narily be increased sufficiently to give good proteC'-
tion by pH adjustment alone. 
(3) Free carbon dioxide and other acids in-
crease corrosion both by increasing the corroding 
tendency of iron and, in some instances, by de-
stroying protective coatings. 
( 4) High pH waters reduce the corroding 
tendency, but if the pH is excessively high, it may 
be destructive to protective coatings such as gal-
vanizing and thereby actually increase corrosion 
in systems utilizing galvanized pipe, hot water 
heaters, etc. 
(5) Dissolved oxygen or other oxidizing agents 
must be present in any except acid waters to sup-
port continuing corrosion. Also, the rate of corro-
sion is dependent on the oxygen concentration and 
on the rate at which it is replenished. V cry acid 
waters may support continuing corrosion in the 
absence of dissolved oxygen. 
(6) Excessive chlorine residuals may increa~c 
the corrosiveness of already corrosive water. 
(7) High temperatures, other conditions re-
maining the same, will increase the rate of corro-
sion. 
(8) High water velocities increase the rate of 
oxygen replenishment and therefore tend to in-
crease the rate of corrosion. 
(9) In concentrations as found in potable 
waters, corrosion usually increases with increases 
in concentrations of ch lorides and sulfates. 
(10) The composition and physical nature of 
iron rust may be influenced by the mineral content 
of the water, particularly the calcium and mag-
nesium bicarbonates and si lica. If present in suffi-
cient concentrations, these substances may com-
bine with the oxidized iron to form dense, adhering 
and fairly impervious coatings. A loose coating 
favors a high corrosion rate while a dense coating 
favors a lower corrosion rate. It is probably for 
this reason that soft "·aters arc generally more 
corrosive than hard waters. 
(11) Dissimilar metals in contact with each 
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other and with water will cause corrosion by 
galvanic action. 
( 12) At atmospheric temperatures, iron will 
not corrode in the absence of water or moisture, nor 
in the absence of oxygen. Therefore, if we can 
provide a coating which will prevent water and 
oxygen from reaching the iron surface we can 
protect iron. 
(13) Waters which contain sufficient calcium 
bicarbonate may be treated with lime so as to 
deposit a protective film of calcium carbonate. 
(14) Lime softening of waters high in calcium 
bicarbonate can be employed, not only for soften-
ing the water but also to deposit a protective 
film of calcium carbonate on the inside surfaces of 
water systems. Deposition of the film must, how-
ever, be controlled to assure that it is smooth, thin, 
and dense. Irregular or rough deposits will seri-
ously lower the carrying capacity of mains and 
piping. 
(15) Judicious treatment with sodium hexa-
metaphosphate may be useful in reducing the 
corrosiveness of certain waters. Sodium hexameta-
phosphate may also be useful in the prevention 
of irregular and rough calcium carbonate deposits 
from unstabilized lime softened water. 
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MANGANESE, IRON , AND COPPER PROBLEMS IN WATER SUPPLIES 
JOHN c. KEARNS1 
With the pos ible exception of tastes and odors, 
the three elements which compose the title of this 
paper are responsible for more quality complaints 
from water consumer than are any other sub-
stances. Red and black water problems associated 
with iron and manganese are the source of numer-
ou complaints, and the blue-greenish stains re-
sulting from copper corrosion are far too common 
today to be passed over lightly. 
In reviewing the records of over 95 water 
systems which make up the operating subsidiaries 
of the American Water Works Company, it is re-
vealing to note that all three of these elements have 
been a factor of concern at one time or another in 
over 90 per cent of these faci lities. It is also inter-
esting to note that, from a problem standpoint, 
manganese ranks as the most troublesome, iron 
as the most frequent in occurrence, and copper as 
the most difficult to classify. All three a re a dis-
tinct hazard to good public relation . The remarks 
which follow will attempt to poin t out a few of the 
experiences that we have encountered in recent 
years which have been directly related to the 
presence of these unde irable substances in a public 
water upply. 
MANGANESE 
In chemical behavior, and in its occurrence in 
natural waters, manganese resembles iron . Man-
gane e is, however, much less abundant. As a 
result, the concentration of manganese in water 
generally is much less than that of iron, and man-
gane e determinations are often omitted from water 
analy is. While the necessity for determining 
manganese is slowly being recognized, the main 
deficiency in published records remains as always 
. ' ' 
msufficient analysis for manganese in the various 
raw waters used for public water supplies. An 
important reason for thi oversight is the fact that 
people have too often taken it for granted that iron 
1 Chief Sanitary Engineer, American " 'ater \Vorks ServiC<> Com-
pany, Inc., Philadelphia, Pa. 
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and manganese are Ycry similal'. H ad the two 
substances been initially regarded as dissimilar, 
and, had it been recognized that manganese, even 
when present in minute quantities, is a mu ch more 
troublesome substance than iron, the problems 
attendant to manganese removal might have been 
solved long ago. The reason why manganese is 
often overlooked is because of its relu ctance to 
precipitate from solution and its consequent de-
layed appearance in the water distribution system. 
In contrast to iron, manganese rarely makes its 
presence immediately kno\\·n in the system. Its 
deposition depends upon the formation of manga-
nese dioxide. Once a coating of this oxide is formed , 
further deposition of additional manganese pro-
ceeds at a rapid rate and often causes serious 
problems in t he water system. 
The presence of manganese is objectionable in 
water because it giYcs rise to complaints of dis-
coloration, turbidity, deposits, and taste. Ordinar-
ily, manganese is seldom present in natural waters 
in concentrations above 1 mg/ I inasmuch as the 
carbonate and hydroxide forms arc only sparingly 
soluble and it is more common in ground water 
than in surface water. For domestic \Yater sup-
plies, a maximum concentration of manganese as 
low as 0.017 mg/ I has been recommended. Concen-
trations as low as 0.1 mg/ I a rc reported to cause 
laundry trouble. Values in excess of this amount 
will usually give rise to consumer complaints. The 
latest U.S.P.H.S. Drinking Water Standard recom-
mend a limiting concentration of 0.05 mg/ I manga-
nese. Our experience points \'Cr~· strong ! ~· to the 
conclusion that, to avoid complaints enti rely , th e 
manganese content of the fini shed ,,·ater should be 
reduced to 0.05 mg/ I or less. 
The manganese found in water is probably most 
often the result of the solution of the clement from 
soils and sediment aided by bacteria or complexing 
with organic materials. In some areas, manganese 
occurs in sediment carried by streams; ,,·hen such 
sediment eventually deposits in a resel'\'oir, it ma~· 
yield manganese to the \Yater in storage. This 
process is doubtlessly aided by the organic mattr r 
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present in the sediment and by bacterial action. 
Because of this effect, water supplies obtained from 
impounding reservoirs are likely to experience diffi-
culty from manganese at certain seasons of the 
year. Manganese concentrations above 1 mg/ I are 
usually associated with streams receiving substan-
tial amounts of acid mine wastes. Occasionally, 
industrial waste disposal may add manganese to 
water. 
The influence of microorganisms on problems 
involving mangane e, as well as iron , can be illus-
trated by a condition which existed for many 
year in the major water supply of Richmond, 
Indiana. There, over the past fifty years or more, 
the water supply was derived entirely from under-
ground sources through the development of "·ells, 
spring , and a series of infiltration galleries. The 
water was characteristic of the region, being rather 
highly mineralized but showing no discernible 
amounts of either manganese or iron. Chemical 
treatment consisted solely of chlorination, applied 
in low dosages to the combined sources as they 
entered a collecting basin prior to being pumped to 
the distribution sy tern. Periodically, an outbreak 
of consumer complaints would ari e and as quickly 
subside. The blame for these disturbances was 
always placed upon an abnormal usage of water 
in the affected area created by a fire, the use of 
hydrants for street flu bing, or to the flushing of 
mains at an improper hour of the day. An open 
storage reservoir on the system would occasionally 
become uspect when a particularly irate consumer 
produced a bottle of the fouled water containing 
debris assumed to have originated in the reservoir. 
Around 1955, problem of dirty water seemed to 
center on a dairy processing plant which began 
producing cottage cheese. After suffering the loss 
of his product a few times, the plant manager de-
livered evidence of hi problem to the water com-
pany. This evidence, when placed under analysis, 
revealed a high percentage of manganese as "·ell 
as some iron. Up to this t ime, manganese had 
never been mentioned as a contributor to the prob-
lem. The exasperating experience of this plant in 
producing a marketable quality of cottage cheese 
provided an interesting clue. Subsequently, a 
drought period, coinciding with a high summer 
water demand, brought on more frequent com-
plaints of black water that became more wide-
spread. An investigation to locate the source of the 
problem was inten ified by the water compan)' . 
The suggestion by the \Hiter that bacterial action 
might be the cause and that relief could be secured 
by installing filters to strain the suspended ma-
terial from the water received no favorable re-
sponse. Finally, during the course of draining the 
collecting well at the pumping station, slime 
growths were observed on the walls. It was also 
noted that patches of fibrous material had entered 
the well through cracks in the wall. The plant 
was surrounded by a large number of trees of 
Yarious kinds which gaye the area the pleasing 
appearance of a park. H aving assured themselves 
that the fibrous material was actually tree roots 
and ignoring the evidence of the slime growth, the 
water company cut down the trees. Fortunately, 
before the property was entirely cleared of trees, 
the \\Titer again had an opportunit)· to look at the 
problem and this time was successfu l in obtaining 
a slime sample from one of the galleries. A micro-
scopic examination confi rmed a long held suspicion 
that the culprit \\·as a form of bacteria knom1 to 
feed on manganese and iron. It "·as tentatinly 
identified as Crenotlm:x polyspora. Further inves-
tigation indicated that only the infiltration ga l-
leries \Yere affected and attempts were made to 
treat them by the use of heavy dosages of both 
copper sulfate and ch lorine. The treatment prond 
to be only partially effective due to the inability 
to locate the uppermost ends of the system for the 
application of chemica l treatment. HmYe,·er, the 
finding of a more plausible cause fo r the problem, 
plus the remorse felt over the loss of the trees, 
resulted in the installation of a gravity filtering 
system. Complaints ceased almost immediately 
following the installation of filters. Chlorine re-
mains the only chemical additive and is no"· 
app lied immediately ahead of the filters. In 1960 
a study of the offending organism by Professor 
Wolfe of the Uninrsity of Illinois resulted in its 
further identification a Clonothrix putealis.* 
An example of the fai lure to fully ernluate the 
treatment requirements, particularly insofar as 
they apply to manganese in the development of a 
new source of water supply , is afforded by the 
experience of a plant in Virginia. In 1950 this 
company abandoned its preYious source and moYed 
to another \Yatershed about twenty miles mrny. 
Operations began in the fall of 1950 without diffi-
culty, but by late December it was quite evident 
* R. S. \ Volfc, " lVIicrobial Concentrations o f Iron and i\1angan('sc.' 1 
Jou rnal American ll'at er Works Associat ion, 52 :1335 (Oct. 1960). 
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that the new source of supply contained manganese. 
The first indication was the appearance of black 
specks in the water trays of the chlorinators 
followed quickly by a noticeable staining of the 
walls and floor of the clear well. The plant had 
not been designed for the removal of manganese. 
Equipment for break-point chlorination was lack-
ing and pH adjustment could be applied only to 
the raw water and to the treated water following 
filtration. Since color removal was also a problem, 
coagulation had to be carried out at a pH value 
below about 6.3 with both lime and chlorine being 
applied fo llowing filtration . This treatment per-
mitted the oxidation of manganese to take place 
entirely after processing. Like so many surface 
supplies containing manganese, the problem was 
seasonal and was more or less indirectly related to 
the stream flow with concentrations ranging from 
0.01 to 0.3 mg/ l. D espite the most careful control 
of the avai lable chemical facilities, the manganese 
problem, a gaged by consumer complaints, showed 
a continual increase in magnitude. Considerable 
effort was spent in seeking a solution to the prob-
lem. This finally led in 1957 to the adoption of 
superchlorination of the raw water to maintain a 
chlorine residual in excess of 1 mg/l through the 
filtration stage, followed after filtration by de-
chlorination. This treatment has proved to be 
quite effective despite the fact that, after its intro-
duction, a high dam was constructed across the 
stream which created a large impounding reservoir 
which modified the former seasonal pattern of 
manganese concentrations and increased the range 
to over 2 mg/ I. D espite this change, as well as 
occa ional periods of color values up to 150 mg/ I, 
the fini shed water delivered from this plant today 
rarely contains color above 2 mg/ l and the manga-
nese content is always below 0.01 mg/ l. 
The removal of mangane e in the water purifi-
cation process presents a more difficult problem 
than does iron because the oxidation proceeds 
much slower. This almost always results in the 
removal taking place entirely within t he fi lters 
and leads to eventual fouling of the filter media. 
Deposition becomes even more serious where man-
ganese removal must be effected at high pH be-
cause of the additional build-up of carbonates 
which in time causes the media to become coated 
until it is no longer effective for the removal of 
fine precipitates. For many years, the treatment 
of Ohio River water at Huntington, West Virginia, 
did not concern itself with manganese. In time, 
the frequency of black water complaints increased 
to the level where they could no longer be ignored. 
The dosage of lime for pH adjustment was then 
changed from the clear well to application imme-
diately ahead of the filters. This change made a 
no ticeable improvement in the complaint situation. 
However, it did not entirely eliminate manganese 
from the finished water because dosage control of 
lime is difficult and operations were un able to 
maintain the required pH level. The change in 
lime application did result in the filter media be-
coming so heavily incrusted with deposits of man-
ganese and carbonates that all of the sand had to 
be replaced after a service period of about eight 
years. A study of the problem was undertaken in 
1957 in \Yhich consideration \ms first given to 
break-point chlorination. This proved to be im-
practical from an operating standpoint because of 
the widely varying chlorine demand of the raw 
water. It \ms reasoned that, if coagulation and 
settling could take place at a high pH level of 9.2 
to 9.4 rather t han the then in use pH value of 6.8, 
a ll chemicals could be applied to the raw water as 
it entered the plant. This would afford a longer 
reaction time at the optimum pH and would 
greatly lessen the load on the filters. In 1959 this 
change was made by substituting ferric sulfate 
fo r alum and moving the lime appli cation to the 
raw water. Almost at once improved clarification 
\ms noted, with lengthened fi lter runs and the 
absence of any trace of either manganese or iron 
in the finished water. Since t his change was made, 
t here have been no furth er outbreaks of black 
water, nor further consumer complaints of stained 
laundry or discolored sanitary fixtures. In 1962 a 
further change in treatment was made by the 
discontinuance of activated carbon in favor of 
potassium permanganate. This change was dic-
tated by the need to further improve upon a taste 
and odor problem of long standing. D espite the 
progress made in a most active clean-up program 
of Ohio River pollu tion during the past five or 
more years, Huntington has found it necessary to 
continually increase its dosage of carbon to the 
point where this chemical amounted to over 70 
per cent of the total chemical cost of treatment. 
At the same time consumer agitation mounted to 
the point where public relations were far \YOrse 
than they had previously been in the black water 
days. Since the change to potassium permanga-
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nate, the average threshold odor value of the fin-
ished water has been reduced by about 50 per cent, 
and equally important, we note the distinct possi-
bility that a much lower pH value of 8.4 or less 
may prove entirely effective in clarification and 
manganese removal. Operations since this latest 
change indicate treatment costs will be reduced by 
25 per cent or more and that a substantial increase 
in the usable life of the filter media can be expected. 
The problem of filter clogging due to manganese 
demonstrated by an experience encountered in 
a water purification plant in ·w estmoreland 
County, Pennsylvania. The plant was constructed 
in 1951 to process an impounded reservoir supply 
containing manganese in varying concentrations 
of 0.3 to over 5.0 mg/ l. Facilities included four 
filter units, each having a surface area of 885 
square feet, and with underdrain systems con-
sisting of porous carborundum plates. After being 
in operation for about three years, evidence of 
filter clogging was noted. This led to a program of 
removing the sand media and treating the porous 
plates with inhibited hydrochloric acid solution to 
remove the deposits of manganese. This was a 
co tly and laborious operation which was carried 
out whenever the observed increase in wash water 
pre sure at a particular filter showed a rise of 2 
p . .i. over normal. The frequency of cleaning 
ranged from 6 to 24 months. In 1960 the acid 
cleaning was abandoned in favor of sulfur dioxide 
applied directly from an upended cylinder to the 
wash water piping over a 30-minute period while 
introducing a backwash flow of 500 gpm. After 
450 pounds of sulfur dioxide had been introduced 
in this manner, the backwash flow was increased 
to 2000 gpm and maintained at this rate until 
tests indicated that all acidity had been removed. 
This was then followed by a normal backwash 
whereupon a reading was taken of the restored 
wash water pressure. Since adopting the described 
procedure, the frequency of filter bed cleaning has 
been considerably reduced as has the expense of 
cleaning. Furthermore, the growth of manganese 
deposits on the sand media appears to be lessened 
since the sulfur dioxide treatment was put into 
effect. 
IRON 
The presence of iron in water supplies is a more 
common problem than i manganese. Iron is not 
only one of the most abundant constituents of 
rocks and soils but it has also been the favored 
metal for water piping. In evaluating the desir-
ability of a particular water supply for domestic 
and industrial use, it is very important to know 
not only the amount of iron that is present in the 
water but also the form in which it is present. 
Many times in the past, one or both of these 
determinations was overlooked when a new sup-
ply source was being developed. Later, and at con-
siderably more expense, the water purveyor "·as 
compelled to correct for his initial oversight. To-
day, largely as a result of improvements in watcr-
using household appliances, the water industry is 
facing up to increasing public demand for a higher 
quality product. This demand has been strength -
ened by the latest revision of the U.S.P.H.S. Drink-
ing Water Standards which no longer combine iron 
and manganese together, and thus properly assign 
limiting concentrations to each substance. Our 
experience with iron problems indicates that a 
further reduction in the suggested limit of this 
clement may be advisable in the future to a value 
perhaps as low as 0. 1 mg/ l. 
Iron occurs in water at two levels of oxidation, 
either as bivalent ferrous iron or as trivalent ferric 
iron. The chemical behavior of the two forms is 
somewhat different, although both may be present 
in the same water under certain circumstances. 
Under reducing conditions, iron in water \\·ill tend 
to be in the fer rous state. However, the ferrous 
salts arc unstable in the presence of oxygen or air. 
These salts are changed to the ferric state through 
oxidation when natural water is exposed to the 
atmosphere. The chemistry of iron is further com-
plicated by a tendency for the formation of com-
plex ions and is influenced by certain kinds of 
microorganisms. 
Complaints generally result when the \Yater 
reaching the consumer contains iron in excess of 
0.5 mg/ l. At this concentration, the water \\·ill leaYc 
an unsightly ring on the bath tub, stains on por-
celain or enameled fixtures, and will make launder-
ing extremely difficult due to the discoloration 
imparted to clothing. Commonly termed "red 
water," the problem may be caused by allowing 
an iron-bearing water to enter the distribution sys-
tem untreated or with insufficient or incorrect 
treatment. On the other hand, the cause is not 
infrequently created by an originally iron-free 
\Yater entering a system where, because of its ag-
gressive character, it attacks unlined cast iron and 
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Tab le 1 Table 2 
1956 Iron Pick-up i n a New Jersey Distri bution System 
Cons ti tu en t Station %'- Mile from Station %:-~ ti l e from Station 
Period 9/ 21 9/ 29 12/ 13 9/ 21 9/ 29 12/ 13 Average 
pH 8. 1 7 .4 7 .3 7 .7 7 . 5 7 . 3 7 .5 
Total Alk. 150 140 146 146 144 140 140 
Iron as Fe 0 .05 0.8 0.5 0 .4 1.0 2 .0 1.4 
steel pipe lines taking up iron whi ch eventually 
arrives at the consumer 's tap. 
Red water troubles due to corrosion can nor-
mally be controlled effectively by raising the pH of 
the water with alkali t reatment at t he source poin t 
to a value equal to or slight ly in excess of its 
calcium carbonate equilibrium poin t. The use of a 
polyphosphate compound may also be employed 
quite successfully. Because of the ease and con trol 
of t heir application, many corrosive water supplies 
are treated with such compounds. Ou r experiences 
with polyphosph ate have indi cated no hard and 
fast rule of application that will assure success in 
every ca e, except that the treatment should not be 
attempted on water which contains oxidized or 
part ially oxidized iron. H owever, we have insta ll a-
t ions in operat ion today where the fo rmer aggrcs-
ive nature of t he water supply is effectively 
suppressed, bo th with and wi thout pH correction, 
down to a pH value of about 6.0 . F rom an eco-
nomic standpoint, lime is the chemical fo r pH 
correction. Lime is also the most effective alkali 
in most in tances. However it docs have dra1Y-
backs, that is, its application wi ll in crease t he 
hardness of the water so t reated and because of its 
limi ted solubility, it is more difficul t to accurately 
control its dosages and to maintain t he feed ing 
facilities. Soda ash, as well as caustic soda, fi nds 
extensive usage in the treatment fo r pH correction. 
Caustic soda in liquid form is now generally avail-
able in bot h drums and tank t ru ck lots. In this 
form it deserves more consideration because of its 
adaptability t o automatic metered control. 
Over the years, we have encountered several 
cases where reel water condi tions arose fo llo11·ing 
the installation of an iron-removal pl ant. In one 
such instance, a treatment pl ant wa placed in 
service followin g a long period of distribu ting an 
iron-bearing well wate r. Consumer complain ts of 
reel water persisted for well over a year in this 
system after iron-removal treatment was star ted. 
In a more recent case, complain ts clue to iron 
actually increased for a t ime fo llo1Ying the intro-
duction of iron-removal t reatment. In t his case, 
Effect of pH on Iron Pick-up : Alexandria, Va., Syste m - 1957 
Location P la nt Ta1>- A Tap- ll Tap- C 
Date 7/ 30 8/ 5 7 / 30 8/ 5 7/ 30 8/ 5 7/ 30 8/ .5 
p lI 7 . 1 7 .9 6 . 7 7.9 6 .8 8 . 1 G.8 7 . 9 
Iron as Fe 0 .0 0 .0 0 . 7 0 .3 0 .3 0 . 1 2 fi 0 .5 
the urgent need for addi tional water caused the 
new 11·cl l supply to be placed in service a fc 11· 
months in advance of t he iron removal fac ili ties. 
T able 1 illustrates the condi tions encoun tered in 
t his particular system. The pH values for t hese 
samples arc higher t han those usually reported in 
the li terature as causing staining; yet this wate r 
was the cause of con idcrablc t rouble. It 1rns 
attribu ted mainly to th e ·water being in con tact 
wit h old iron rust deposits in the 1rntcr mains. 
H owever, as the problem unfolded during t he 
course of the inve tigation , it became apparent 
t hat a portion of t he difficulty resul ted from a lack 
of uni form chemical t reatment \\·ith t he equipment 
ori gin a ll ~1 provided. Dry feed of hydrated lime wa,; 
first employed fo r pH adjustment. This was fo l-
lowed late r by a change to soda a~h . The probl em 
was fi nally corrected by resorting to an application 
of liquid caustic soda and a temporary use of a 
polyphosphate compound fo r a period of six 
months. 
The influence of iron pi ck -up in a distribu tion 
system is further illustrated by the results shO\rn in 
T able 2 of sampling from a portion of the A lcx-
andri a, Virgini a, water dist ribution sys tem. Thi ;; 
part icul ar a rea comprises t he oldest por tion of the 
distribu tion system, with piping ent irely of cast 
iron, largely unlined, and wi th some having more 
than a century of continuous scrYice. The pH of 
the water delivered to the entire ~y stern from a 
single poin t of production has, over t he past ten 
or more years, been maintained at a value of about 
7.0. This has been the case not because it is proper 
but rather because of the inabi lity of treatment to 
raise the pH higher with lime withou t crea ting a 
sub cqucnt turbidity problem. E1-cry attemp t to 
add suffi cient lime in the past to elevate the pH 
to a more desirable level of 7.8 to 8.0 has cau;;cd 
the water to take on a distin ct and qui te not iceable 
cloudy appearance identifi ed by complain ants as 
"white water." Durina 1957 an opportuni ty 1rns 
afforded to determine the effect of pH on iron 
pick -up in this particular section of the s~· stcm 
whi le investigations " -ere being carried out on the 
economi c feas ibi lity of using either soda ash or 
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caustic oda in place of lime. The influence of pH 
i rather clearly demonstrated by t he reduction in 
iron content at the three sampling points obtained 
over an interval of only one week. Since 1957 iron 
corrosion in this particular section of the system 
has been reasonably well controlled by the addi-
tion of a 1 mg/ I dosage of sodium hexametaphos-
phate. In contrast with this older part of the 
system, the other service areas have never been 
bothered with complaints due to iron corrosion. 
This i because they are served with mains laid 
since 1950 and no unlined cast iron or steel mains 
are in use. 
Two situations involving a change in the iron 
content of a well supply arc worthy of mention. 
The fir t concerned an iron-removal plant at Bar-
rington, Rhode Island, consisting of coke-tray 
aeration, pressure filtration, and post-chlorination. 
The supply was obtained from a group of three 
well having a reasonably stable iron content of 
1 mg/ I. After eight years of successful operation, 
well production capacity showed a decrease and 
the plant decided upon an acidizing program to 
restore the wells to their previous capacity. The 
first well was treated in mid-1962. Capacity tests 
indicated a satisfactory recovery but redevelop-
ment failed to return the iron content of this well 
back to its original level. Furthermore, after a 
period of several weeks, the iron content of the 
remaining wells began to incrca e and by the end 
of the year they were averaging 2.6 mg/ I. The 
increase in the iron content of this supply has now 
overloaded the treatment equipment and there is 
every indication that, before the problem is en-
tirely corrected, a substantial change in facilities 
will be required. The second case involved the 
major upply source of St. Marys, Pennsylvania, 
where an impounded surface upply was augmented 
during the annual dry season by ground water 
obtained from two drilled wells located along the 
horc line of the reservoir. These wells contained 
!es than 0.5 mg/ I of iron and also a trace of 
hydrogen sulfide. However, with the dilution 
afforded by the reservoir, they were used seasonally 
without complaints. Increased consumer demand 
eventually led to the drilling of a third well in 1960 
which had a higher specific capacity and also a 
much higher concentration of iron. This latter 
feature caused red water trouble in the distribution 
sy tern whenever it was operated, despite the fact 
that it also discharged into the reservoir before 
delivery. Nevertheless, the decision was made to 
deepen the original two wells to further increase 
production capacity. This was carried out in 1961. 
The result was three unsatisfactory wells. Finally, 
the company is today engaged in a crash program 
to provide iron-removal equipment for all three 
wells. 
Before leaving the subject of iron, one should 
mention the effect that execs ivc hydrant flushing 
can have on red water troubles. The usual pro-
cedure, \\·hen a complaint of red water is received 
from a consumer, is to send a serviceman into the 
affected area to flush out the offending 'rnter. This 
pacifies the complainant and, temporarily the pro-
cedure clears the supply in that immediate area. 
Ho\\·c,·cr, flushing hydrants at a high fl.ow rate 
creates abnormal velocities in the adjoining mains 
"·hich tear loose corrosion deposits from the metal 
surface of the piping. These deposits arc soft and 
l oose !~· adherent, but their presence on the pipe 
wall retards the rate of further corrosion. Once 
they arc removed, bare metal is again exposed to 
the dissolving action of the water and a new cycle 
of corrosion begins. The effect of excessive flush-
ing can, therefore, defeat rather than cure its own 
purpose. The story of one of our associated com-
panies in ,,·estern Pennsylrnnia \Yill serve to illus-
trate this point. An unlined cast iron main 800 
feet long \YaS cleaned \Yith a mechanical scraper 
to improve pressure and fire flmYs. The water sup-
ply carried by this pipeline originated from an 
impounded source having a pH of 6.7, alkalinity 
of 15 rng/ l, hardness of 26 rng/ l and total solids of 
85 mg/ I. Soft \rnter such as th is would be expected 
to be quite corrosive. Immcdiatcl~r follmYing the 
cleaning operation, a number of irate consumer~ 
complained of rusty \rntcr. In attempting to clear 
up the condition, the pipeline \Yas repeatedly sub-
jected to heavy flushing. Ho,,·cvcr, this did not 
he lp the condition. The situation became so bad 
that the water company, in desperation, \YaS pre-
pared to replace the entire line with one of cemcnt-
asbcstos pipe. Fortunately, before the replacement 
work could be started, a suggestion was made that 
the method of flushing be changed to a procedure 
whereby a terminal hydrant would be opened only 
enough and for only sufficient time to gently change 
the water in the entire line. This was done each 
morning over a period of about ten days. Then 
the complaints ceased. The gentle flushing and 
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di placement of the pipe's contents allowed the 
main to heal and become coated. 
COPPER 
Turning next to copper as a source of concern 
in waterworks operation, we find that problems 
arising from this element occur with much less 
frequency than do those involving iron or manga-
nese. Our experience indicates that the likelihood 
of copper presenting a problem is limited to those 
waters which are delivered at a pH value below 
about 7.0. Copper occur in natural water only in 
trace amounts and its presence generally results 
from pollution attributable to the corrosive action 
of the water on copper and bra s tubing, to indus-
trial effluents, or perhaps as frequently, to the use of 
copper compounds in the control of plankton or-
gani ms. The latest revision of the U.S.P.H.S. 
Drinking Water Standards has reduced the sug-
gested limit of copper from 3.0 to 1.0 mg/! as the 
copper ion. 
Nearly all of the surface supplies in the water 
companies under our operation employ copper sul-
fate as an algicide. Several companies occasionally 
find it necessary to apply this chemical to control 
aquatic growths in their open distribution reser-
voirs. Our practice ha been to restrict both the 
frequency and dosage of copper sulfate to the 
minimum. We have never experienced any signifi-
cant increa c in the copper content of waters so 
treated. In only rare instances have we found it 
nece ary to employ copper sulfate on a continuou 
feed basis. In those cases we have always restricted 
the application to the raw water ahead of all other 
chemical additives and have maintained a pH 
value well above 7.0 in the water reaching the 
filters. Copper sulfate becomes increasingly more 
soluble below a pH of 7.0 and we believe it is not 
good practice to continuously feed this chemical 
where filtration is not provided. 
The problems we have encountered from copper 
have always originated in the distribution system 
and they are usually characterized by complaints 
from consumers of troublesome staining of por-
celain fixtures. The majority of such complaints 
have been confined to systems located in states 
lying along the Atlantic seaboard. In these states 
both surface and ground waters are low in mineral 
content and pH, but high in carbon dioxide. Since 
many of these supplies are obtained from wells 
and are objectionable only because of their low 
pH and aggressive action on metallic piping, they 
require no elaborate treatment other than pH cor-
rection and simple chlorination. With the trend 
today toward unattended, autom atically contro ll ed 
stations, our efforts have been directed tO\rnrd the 
use of the most simple and effective methods of 
treatment that will prevent corrosion of the piping 
systems. In the cour::;c of our investigation we have 
been somewhat surprised to find the content of 
copper that may be present at times in household 
piping and apparently causes no harm other than 
the problem of staining. Complaints most fre-
quently arise from homes where a leaky faucet 
allows a constant drip of water to fall on the 
porcelain surface of the fixture. By trial and 
error adjustment of the pH of the water at the 
source points, we have concluded that correcting 
the pH value to 7.0 or over will eliminate further 
staining problems. \Ve have also studied the use of 
polyphosphates on such waters and find, contrary 
to our previous understanding, that such com-
pounds do provide a measurable amount of stabili-
zation, provided the pH value of the water is not 
less than 6.0. More recently we have resorted to 
the use of caustic soda, both with and without 
polyphosphates, in new supply developments. 
Occasionally in connection with a copper stain-
ing problem, we have suspected the influence of 
electrolytic action created by the common practice 
of grounding electric fixtures to the plumbing sys-
tem. Our studies, however, do not indicate that 
this practice is a significant factor in this problem. 
Perhaps we have been unduly influenced by an 
aggravating situation that occurred a few years 
ago in a water system in New Jersey. There a 
serious copper corrosion problem was reported in 
the home of a consumer occupying one side of a 
double house. The occupant claimed it was neces-
sary to obtain water from his adjoining neighbor 
to prepare his meals because of the unsavory qual-
ity of food cooked with water from his service. 
Investigations indicated that the trouble began 
when all the household piping in his home was re-
newed with copper tubing; the other side of the 
house still retained its galvanized iron piping. 
After month of investigation which included the 
removal of all grounding connections from both the 
electric and telephone services, the installation of 
an insulating coupling in the water service, and 
finally the replacement of the outside service con -
nection, the trouble remained unsolved. Unfor-
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tunately, the story of this ca e ends at this point 
becau e the complainant refu ed to cooperate any 
further and we were forced to abandon our study. 
I am advised, however, that he still remains a con-
sumer of this water supply but his complaint, if 
still present, is no longer being shared with the 
water company. 
Another instance of copper corrosion involved a 
consumer in another New Jersey community who 
complained repeatedly of blue stains on diapers 
washed in an automatic washer. While the water 
system erving this consumer had relatively few 
complaints over the years that were traceable to 
corrosion, it was evident that the recent completion 
of a new well in her immediate area was a potential 
source of trouble. The new well supply had a pH 
of 5.0, total alkalinity of only 7 mg/ I and a hard-
ne s of 26 mg/ I. Prior to delivery into the system, 
the upply was chlorinated and received a 1 mg/ I 
dosage of a polyphosphate compound. Samples col-
lected from the kitchen tap of this home showed 
up to 4 mg/ l of copper upon withdrawal in the 
morning following no night-time usage. Other 
samples collected during the day, after thoroughly 
flu hing the tap, showed concentrations up to 1 mg/ l 
of copper. Water at the well station had a copper 
content of 0.12 mg/ l but such samples passed 
through 50 feet of copper tubing before reaching 
the point of collection. A test was made on the 
water at the well station in which water was al-
lowed to remain 80 hours in a 1/rinch diameter 
by 8-inch copper tube. Using water at a normal 
pH of 5.0, the copper content increased from 0.12 
to 3.2 mg/ I. However, when the pH was adjusted 
from 5.0 to 6.5, the copper content increased to only 
0.6 mg/ I. When adjusted to a pH of 7.0, the copper 
increase was negligible. Shortly thereafter, caustic 
soda treatment was introduced at this well station 
to rai e the pH to 7.0. Since that time no further 
complaints have been received. 
In relatively few instances have we been con-
fronted with the problem of actual structural fail-
ure of an underground service of copper tubing. 
However, quite recently our attention was called to 
such a failure in a copper service line on a system 
in Indiana. The full story of this episode is yet to 
be determined but the fact brought to light thus 
far indicate that the cause was due to imperfec-
tions arising out of the manufacture of the tubing. 
Nevertheless, the case called attention to the fact 
that quality control of the finished water was not 
being maintained at all times . This particular sup-
ply i obtained from a river source and it requires 
widely varying coagulant dosages to affect proper 
clarification. Following filtration, the water is 
treated with lime for pH correction. In recent 
years, there has been a noticeable increase in the 
coagulant usage brought on by the further pollu-
tion of river water. The plant, however, has shown 
a reluctance to vary the lime dosage consistent with 
the dosage of alum being used with the result that 
periods of a week or more occur when the pH of 
the finished water is permitted to drop below a 
value of 7.0. While no reported evidence of pipeline 
corrosion has rcsul ted from this practice, experience 
at other locations where water of high mineral con-
tent i processed prompted our recommendation 
that the pH of the finished water be maintained at 
a value of 7.6 to 7.8 in the future. 
CONCLUSIONS 
Progress in the art of water treatment is pro-
ceeding today at a greatly accelerated rate. The 
increasing demand of the public for water of higher 
quality, coupled with the current population ex-
plo ion and the trend toward urbanization in our 
society, requires that this progress be continued 
and its rate be further intensified. Technically, it 
is possible to treat any water to give it a composi-
tion that will be satisfactory for any special use. 
But, if the water requires extensive treatment, it 
may not be economically feasible to utilize the sup-
ply. It is of utmost importance that water quality 
be fully considered in any water treatment plant 
design. Treatment methods which are successful 
in removing manganese are also successful in the 
removal of iron, but the reverse of this statement 
is not true. Supplies containing manganese should 
be treated to reduce the concentration to less than 
0.05 mg/ I. Iron removal treatment should be con-
sidered for any supply containing more than 0.3 
mg/ l, regardless of the form in which it may exist. 
Pipeline corrosion investigations should be a con-
tinuou program in any water supply system. 
MANGANESE IN WATER DISTRIBUTION SYSTEMS 
A TTMORE E. GRIFFIN 1 
M anganese deposits in water distribution sys-
tems occur throughout the world. This does not 
mean that every distribu tion system , or a ll water 
supplies, contain manganese; it docs mean manga-
nc e difficulties arc not confi ned to any one coun try 
or hemisphere. It presence is probably best docu-
mented in t he United States. This may make it 
appear that this coun try has more mangane c than 
is fo und elsewhere; however, a study of the subj ect 
shows that practically all countries where records 
are kept have had t heir share of t rouble. 
Al though manganese difficul ties have been re-
ported throughout the " ·ori el, there are few precise 
data in t he literature describing how much manga-
nese may collect on t he interior of a given length 
of pi pe over a given period of time. Nor is t here 
much info rmation concerning whether or not it 
sloughs off from time to t ime, what depth of deposit 
may be optimum fo r sloughing, what may induce 
laughing, the state of oxidation of t he deposits, 
what organisms are most frequently responsible fo r 
manganese build-up, or whether or not manganese 
depo its in pipelines without t he aid of organic 
growt hs. There are a few papers describing how 
very minute amounts (less t han 0.01 mg/ I) can 
cause a great deal of difficulty. However, precise 
scient ific data relating to its early detection or rate 
of build-up are generally lacking. There are, how-
ever, many generalized statements referring to 
laundry t roubles, black water, or reduced pipe 
capacit ies. These statements arc fo r the most part 
pre ented in loose generalized terms. 
Manganese occurs in both ground and surface 
"·aters, especially in t hose a reas where the rock or 
oil contains significant amounts of manganc;;;c . In 
the United tates it is present almost cvcr:; wh crc 
except in the extreme northeastern and nort lrn·cst-
ern ections. For example: it has caused consid-
erable trouble in northern New J ersey " ·ate r sup-
plies; has been found in several aqueducts of t he 
New York City water supply; requires constant 
1 \ Yater Treatment Consultant , 24 Sunset Roa d , Pompton P lains, 
New Jersey. 
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vigilance in the Carolin as and Georgia to keep it 
ou t of distribution syst ems; has been deposited in 
considerable amounts in t he dist ribu tion systems of 
;;everal cit ies in the D akotas; has had to be re-
moved from many Wisconsin ' rnter suppli es to 
forestall difficul ties and reduce consum er rom-
pl ain ts; has required t he const ruction of a man-
ganese removal plant at Lin coln , Nebraska; has 
required special t reatment at Lake Charles, Louis-
iana; and has been a continuing problem in San 
Diego County , California. Canada as a whole has 
reported lit tle or no trouble \Yi th this bot hersome 
element. 
Manganese is an insidious clement. It resists 
removal to a remarkable degree but " ·ill drop out 
of solut ion in the most inaccc sible pl aces and at 
th e most inopportune times. It defies detection to 
a considerable extent and perplexes researchers a!" 
to ho,,- it origin ally ente rs solution. 
Manganese usually is detected qui te rcadi l~' in 
a treatment plant. But where the \Yate r goes di-
rect ly from the source to the t ransmission main 
and thence to the distribu tion system it may dcf~­
dctcction fo r a surprisingly long t ime. This is 
part ly because more routine tests arc made at a 
full t reatment plant th an where only chlorin a tion 
is required. Also the quality of " ·ater used wh ere 
ch lorination alone is required is generally bette r 
than where full treatment , in cluding fil tration, is 
used . 
Psychology may have something to do wi th its 
detection in the distri bu ti on system because even 
though the presence of manganese may be su;;pectccl 
there could be a reluctance to take act ion because 
of t he cost or complexity of rcmm·a l. 
Today 's demand fo r a high purity wate r, es-
pecially in the industrial fi eld , make it quite im-
pera tive th at management of water supplies exer-
cise extreme vigilance regarding the quality of the 
delivered product. The private consumer docs not 
appreciate water th at regularly or periodically 
stains t he family wash. Unless the situation is verY 
bad he will complain only mild !~·. Industry , on th.e 
other hand, may even move elsewhere if it becomes 
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necessary to re-treat the water to make it usable 
in the manufacture of some specialized product. 
TV tube makers, for instance, must have clear 
water essentially devoid of substances such as 
manganese, especially if the manganese is combined 
with organic matter. Commercial laundries are 
using increasingly more automatic equipment and 
depend more and more on a continuous supply of 
high-quality water devoid of anything that will 
stain textiles. 
Manufacturer of textiles, especially those who 
use dyeing operations, must have a high-quality 
water as free as possible from manganese. No 
longer can industry afford to close up shop for 
several clays while manganese deposits, including 
slimes, are removed from the mill distribution sys-
tem as happened at Enka, N.C., some twenty years 
ago. Today it is up to the water superintendent to 
prevent such occurrences. 
Even though routine manganese tests are faith-
fully made, manganese has been known to pass into 
the di tribution sy tern and thence into an indus-
trial plant in spite of the fact that tests indi cated 
its absence. As a last resort, a water chemist 
passed many gallons (50- 100) of the water arriving 
at the plant through membrane filters. Enough 
manganese was caught on the filters for accurate 
ana lysis. This testing showed that manganese was 
passing into the manufacturing plant and was the 
culpri t. This type of chemi cal sleuthing is becom-
ing increasingly common throughout the country 
and demonstrates the in idiousncss of manganese 
in water supplie . It also serves to show the ne-
cessity of setting the tolerable limit of manganese 
at its present low figure, even though it is consid-
ered by some to be lower than the abili ty of present 
routine methods to detect. 
Manganese usually reveals its presence at the 
treatment plant either by false orthotolidine chlo-
rine readings, by accumulation of dark deposits on 
the plant structure, or on glass or hard rubber com-
ponents of the chlorinator. These symptoms may 
occur even though routine testing indicates that 
manganese is zero . Sometimes it reveals itself by 
dark rings where leaky faucets drip on white 
enamel. 
In the case of direct flow from a reservoir or 
direct pumpage from ground sources there arc few 
places where visual symptoms may be observed 
(unle s in the chlorinator) unt il consumer com-
plaints begin to come in or dark stains appear on 
porcelain. 
Little reliance can be placed in the orthotolidinc 
test when used on untreated water. Thi is because 
the test docs not react to manganous manganese, 
the usual form in which it arrives at the plant. 
This \ms clearly demonstrated about 1931 at the 
Wanaque, N . .J ., laboratory of t he J'\ orth .J crscy 
Distri ct ' Vatcr Supply Commission. Thi s rescrrni r, 
abou t 30 billion gallons capacity, \YaS fi rst filled 
early in 1930. Within months of fi lling it was 
put into limi ted use. The only t reatment was 
chlorination. Early in the fa ll of 1931 the chl orine 
residuals suddenly started to rise \Yi thout any in-
crease in chlorine application. At first it \YaS 
thought this was caused by a decrease in chlorine 
demand. The presence of manganese was suspected 
but not considered serious because no fa lse color to 
ortho tolidinc showed in raw \Yater samples. Things 
became serious " ·hen coliforms appeared in t he 
treated water. As the chlorine dosage was in-
creased, so did the orthotolidine yellow color. After 
mu ch frenzied experimentation it was demon -
strated that more and more manganese ,,·as oxi-
dized as the chlorin e do. age \YaS in creased. Thi s 
continued un til enough chlorine was added to oxi -
dize all of the manganese and to produce enough 
excess chlorine to kill the coliforms. Wh en this 
point "·as reached all eoliforms disappeared. 
Wi thin the next few years the pipelines ( 72 
inches in diameter) were inspected and revea led a 
thin , sloppy film of manganese that \YaS a ppa rent ly 
held in place by biological growths. Fortunately, 
other than periodic compl aints of dark colored 
\rnter fo llowing excessiYe flO\YS in t he pipeline;;:, 
such as during fires or during the fil lin g of swim-
ming pools, this manganese has caused onl.\· mini-
mum diffi culty. 
Sioux Falls, South D akota, prior to constru ct ion 
of a water softening plant in t he late 1940s or 
early '50s, presented an excellen t example of how 
manganese may infiltrate a distribution s_\·stem. 
The source of supply consisted of seYeral \\·e lls. 
The water, as taken from the wells, contained con-
siderable iron and manganese in true solution , seY-
eral ppm iron and up to 2.0 mg/ I manganese. When 
the supply was first deYeloped, red \Yater conditions 
1Yere so serious that an iron removal plant \ \"US con-
structed . It consisted of aeration, filtra tion, and 
post-chlorination. This t reatment reduced the iron 
content to about 0.3 mg/ I, an acceptable fi gure. 
Although it was knO\\·n that ma nganese was present 
it seemed to present littl e if any diffi culty until it 
was no ticed t ha t the chlorinators were gradua lly 
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losing capacity. Investigation as to the cause 
showed that the injector parts were clogged with a 
black deposit of manganese. After the inj ectors 
were cleaned the chlorinators again delivered the 
designed amount of chlorine. Periodic cleaning and 
replacement of inj ector throats then became stand-
ard practice. 
The next indication of trouble was an apparent 
loss in water delivery capacity. Investigation 
showed a considerable deposit of manganese in the 
main feeder line near its point of delivery to the 
distribution system. Periodic inspection did not 
indicate any appreciable increase in build-up at 
this point but it did show that the manganese film 
was gradually pushing furth er and furth er into the 
system. 
This situation became a constant source of 
worry and eventually led to the construction of a 
water softening plant. This automatically removed 
the manganese within the plant and stopped all 
further build-up in the distribution system. 
Southern California has at various times been 
subject to epidemics of turbid 'rnter accompanied 
by stained plumbing, ruined laundry, and low meter 
readingsY> Water in many of the wells in the area 
contains as much as 17 mg/ I manganese. When 
water from the various sources and reservoirs is 
rerouted (as it mu t be from time to time) strange 
things have happened. Manganese film s on pipe-
line interiors have suddenly let go, causing havoc 
in the distribution systems, and turbidity has in-
creased in water that was practically devoid of 
turbidity at the source. Even pipeline flows have 
been reduced. 
One supply in the area obtains \Yater entirely 
from wells with no treatment other than light chlo-
rination which i insufficient to carry a residual 
into the di tribution system. Eventually, as in the 
large supply in New Jersey, coliforms made their 
appearance. The chlorine dosage was in creased, 
the coliforms disappeared, but the manganesc-
organic film sloughed off the pipe interior, turning 
the water as black as ink. The chlorine dosage 'ms 
increased again, vigorous flushing was undertaken , 
and the situation cleared up . 
Manganese film s on the interior of distribution 
lines appear to remain soft practically forever. 
This means that the slightest increase in velocity or 
reversal of flow may loosen considerable amounts. 
Black water, with its attendant ills, almost invari-
ably follow . There is a city in Wisconsin where 
this has happened periodically for the past 70 
years. The consumers "stood it" until , just a few 
years ago, a softening plant \YaS authorized and 
built. 
Water for this city is obtained from l\Yelvc 
we lls, some of which contain from 0.0 to 2.40 mg/ l 
iron and 0.0 to 5.66 mg/ I manganese. The plant 
effectively removes iron and manganese but during 
the shake-down period it was again demonstrated 
how cantankerous manganese can be. 
The iron came out very nicely at a pH of 8.4, 
but to remove the manganese it was necessary to 
raise the pH to about 9.5. At other places it some-
times can be removed at very much lower pH 
values. 
No report has yet been received as to the be-
havior of manganese in the water mains since the 
start of softening and manganese removal. 
Lake Charles is another example where manga-
nese removal has long been a necessity. Like so 
many other histories of manganese a minimum of 
data is available as to the facts that led to re-
moval, but there are plenty of data as to how it is 
being removed. The method here is somewhat 
unique, in that small quantities of copper sulfate 
are applied along with the coagulant. It is theorized 
that the copper acts as a catalytic agent to assist 
oxidation in the presence of a chlorine residual. 
There is considerable supporting evidence for this 
theory. There arc several plants in the Gcorgia <2 > 
area very effectively using the same technique. 
In addition to the examples previously cited 
there are many others that could be given but they 
would serve no particular purpose. 
D etection of manganese in a distribution system 
sometimes becomes a rather long drawn-out 
procedure. Unless the system is large enough to 
support a full time chemist, estimation of the sig-
nificance of the traces of manganese known to be 
present in the water can lead one on a Jong and 
baffling chase. For instance, it is generally kno\\"11 
that manganese deposits in pipelines arc black. If 
a tubercle is pried a'rny from a pipe interior and 
cut open it will usually reveal a series of alternate 
layers of reddish and black material. Some layers 
may be somewhat whitish in appearance. The first 
reaction usually is to assume that the black layers 
are made up of manganese. This can be a false 
assumption because most of these black layers arc 
compo cd of black ferrous sulfide. Manganese de-
posits are seldom as firm as the black deposits in 
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tubercles. Manganese deposits are almost invariably 
held to the pipe interior by organic growths. When 
this organic material is destroyed it loses its ad-
hesive power which allows organic matter and 
manganese to be spilled into the water. 
The real problem in detection is when the water 
shows no manganese when using ordinary test 
methods. The increasing demands of modern indus-
try for superfine water make it almost mandatory 
that when there is even a suspicion of manganese 
in the raw water, the operator use every trick he 
knows to make sure that none is being passed on 
to his demanding customers. Black areas on white 
porcelain should be checked and analyses of pipe 
debris and meter sludge should be analyzed. Some-
times it may be necessary to place very fine filters, 
such as membrane filters, at several points in the 
system. The rates through these filters should be 
controlled so that some idea will be obtained as to 
the amount of water passing through. It is not 
unreasonable to assume that it may be necessary 
to pa s several hundred gallons through such filters 
to arrive at a significant conclusion. 
Indications are that manganese drops out of the 
water quite rapidly in the distribution system. It 
doe this under the continuing oxidizing influence 
of the chlorine introduced for sterilization and the 
dissolved oxygen content which usually is greater 
in finished water than in raw water. If lime is 
added to increase the pH the oxidation of the man-
gane e will be considerably more rapid. 
It might be theorized that manganese would 
accumulate at a given distance from the plant 
where it would interfere with the water flow. This 
may happen to a limited degree, but practice cems 
to indicate that the initial build-up becomes rela-
tively static after the first brisk period of deposi-
tion. After this period the manganese film 
progresses slowly into the system. This t heory 
could stand substantiation by a careful study of 
conditions in a new system where manganese is 
known to be present. Collection of such data would 
be a slow process, perhaps requiring fi vc to fifteen 
years to obtain conclusive results. 
It is well known that manganese accumul ates, 
along with other debris, in low spots in the system 
and in water meters. H ere again, however, one 
should not jump to conclusions just because the 
"mud" is black. It may be ferrous sulfide, which 
is just as black as manganic manganese. 
Considerable stress ha been placed on chemical 
oxidation of manganese to an insoluble form. Thi s 
is no t the only factor in the process because there 
are some organisms in water that have the ability 
to draw energy from manganese in water and de-
posit it in an insoluble form in their sheath. This 
is done in much the same way that iron is extracted 
by the iron bacteria. Some authorities seem to fee l 
that the same organism may remove both iron and 
manganese. Whichever it may be, the net result is 
usually a black slimy deposit. 
That the organisms do play a very prominent 
part is evidenced by the fact that when enough 
chlorine residual is maintained in a manganese-
slime pipe area the organic bonding material will 
be damaged to the extent that whole slabs of mate-
rial will slough off and be carried away by the 
moving water. 
In cases where manganese is deposited as black 
manganese dioxide on surfaces, such as filter sand , 
the presence of chlorine will not remove it . Instead, 
chlorine seems to cause it to cling very much tighter 
if the pH is maintained abon 7.0. 
It is somewh at difficult to draw conclusions, 
based on precise knowledge, regarding the habits 
of manganese in distribution systems. It is equally 
difficult to measure its economic significance in dis-
tribut ion systems. Apparently it depends a great 
deal upon where one sits and how much of a 
gambler one is. 
There are many supplies in the country " ·here 
the amount of manganese in the distribution system 
verges on t he colossal and where, according to all 
theory, complain ts should be constant and serious, 
yet nothing happens. Other supplies, where man-
ganese is not suspected or no t even detected by 
routine testing, have manganese problems t hat haw 
been close to catastrophic. 
About the only conclusions that can be dra\\·n 
is that eternal care and watchfulness must be prac-
ticed. If too many chances arc taken the conse-
quences can be very serious. It is also quite evident 
that manganese detection methods should be care-
fully studied for sensitivi ty and for differentiation 
between suspended and soluble manganese. 
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COPPER CORROSION 
G. B . HATCH 1 
Corrosion of copper is not a serious problem in 
most potable water systems. Although copper is 
quite susceptible to attack under certain con di ti on , 
fortunately these arc not widely encountered in 
such service. As a result, substitution of copper fo r 
tee! or galvanized lin es is perhaps the most com-
mon means employed to avoid real or anticipated 
corrosion problem in consumer water systems. 
H owever, as with most generali ties, there arc 
exceptions; the t rou ble-frec operation of copper 
lines is such an exception. It is this exception \Yhich 
is of primary in terest in the present discussion. 
Copper owes much of its resistance to corrosion 
to the thin film of cuprou oxide which normally 
forms on its surface when it is exposed to potable 
waters. Generally, this oxide film is very fine 
grained, tightly adheren t, and quite highly protec-
tive. Frequently it is overlaid with thin deposits 
of basic cupric salts which often help to augment 
protection. Occasionally, this oxide film may break 
down or fail to provide adequate protection. It is 
on such occasions that corrosion problems develop. 
Excessive leakage through or solubility of the 
film as a whole will re ult in general corrosion. 
Attack of this type seldom proceeds at a rate suffi -
cient to decrease the li fe of t he tubing appreciably, 
although it can prod uce undesirable side effects. 
Generally corrosion of copper usually is readily 
alleviated by water treatment. 
Local breakdown of t he protective oxide fi lm 
and interference with it subsequent repair can lead 
to localized attack. Corrosion of this type often 
markedly decreases the life of the tubing. Exces-
sive flow velocity (i.e., impingement) is the most 
common cause for localized attack on copper. The 
remedy for such attack is self-evident (i.e., reduc-
tion of the flow velocity). Occasionally localized 
attack may occur in the absence of excessive flow 
velocity. Such pitting is quite rare. This is perhaps 
fo rtunate, since generally neither the exact causes 
nor the appropriate remedial measures a rc kno,Yn. 
1 Hagan Chemicals & Controls, Inc., Pittsburgh , Pennsylvania. 
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GENERAL ATTACK 
The chief difficulties arising from general corro-
sion of copper result from copper pickup by the 
water. The most obvious problem raised by this 
pickup is the green or blue staining of washbowls, 
ba thtubs, etc. However, a more serious consequence 
results from the accelerative action of the clissolnd 
copper on the corrosion of more anodic metals. 
Zinc (for example, galvanized steel) and alu-
minum are particularly sensitive to traces of dis-
solved copper. This has often been mentioned in the 
li terature. Unfortunately, this is too frequently 
ignored in practice. Concentrations of the order of 
hundredths of a part per million of copper suffi ce 
to increase significantly the attack on zinc or 
aluminum. Most of this acceleration is in the fo rm 
of pitting which makes the problem par ti cul a r!~· 
serious. The attack of iron and steel also is subj ect 
to acceleration by copper in the water, bu t not to as 
pronounced an extent as t hat of zinc and aluminum. 
In addition, corrosion of steel in an untreated sys-
tem often dislodges the previously deposited copper 
from the surface of iron and steel. In contrast, 
the copper generally remains on the sur face of 
aluminum and zinc and continues to exert an ac-
celerative action on their attack. 
Elevation of the pH to 6.8 to 7 usually suffices 
to reduce the general attack and the resultant cop-
per pickup to ycry low levels. Occasionally , some-
what higher pH Yalucs arc required, particular!Y 
\\'hen high chloride concentrations arc invoh·ed. 
IMPINGEMENT ATTACK 
Impingement is one form of corrosion to which 
copper is quite susceptible. In this respect, it is 
perhaps t he least resistant of t he metals commonly 
employed for water service. 
Impingement results from excessive flmy veloci-
ties. It generally is of a localized character. Th e 
resultant pits usua lly arc undercut on the do1rn-
stream ends. Often they arc of a horseshoe shape. 
Occasionally, impingement \\·ill produce a rippled 
surface without definite undercutting on t he down-
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fi g ure I . Imp ingement attack on a copper lead-in 
stream ends. The affected areas remain essentially 
free from deposits when impingement is active. 
Although most of the e features arc suggestive of 
purely mechanical action, the attack actually is of 
an electrochemical nature. The high flow velocities 
interfere with normal formation of protective films; 
as a result, the attack proceeds at an abnormal rate . 
The flow velocity, which can be tolerated by 
copper tubing without clanger of impingement, is 
dependent on the character of the water handled. 
It is influenced by the speed with which t he pro-
tective film can be formed and repaired. The pres-
ence of a second phase (for example, entrained 
solids or air bubbles) al o is an important facto r ; 
it markedly reduces the velocity which can be 
tolerated. From a practical standpoin t we do not 
favor velocities in excess of 5 feet per second fo r 
most m unicipal waters and considerably lower if 
entrained solids or air bubbles a re present. (This 
value applies specifica lly t o copper. M any of its 
alloys show markedly superior resistance to im-
pingement.) 
LEAD-IN 
An example of severe and widespread impinge-
ment attack of copper is afforded by the lead-in 
of a motel shown in Figure 1. The water involncl 
was a hard bicarbonate well supply with a pH of 
7.3. The undercutt ing on the downstream side (i.e ., 
thr upper side of Figure 1) was so rxtensin that 
the tube surface had t he fee l of a rasp. The down-
st ream ends of the pits where the attack was most 
active were essenti all y clean. Light deposits were 
present between the pits and on the upstream ends 
thereof. Such widespread impingement is rather 
unusua l. It indicates t hat t he lead-in was markedly 
undersized (i.e., the fl ow Yclocity 1rns much too 
high) . 
RECIRCULATING HOT WATER SYSTEM 
R ecircul ating ho t wate r s~· stcms appear quite 
su>'ce pt iblc to impingement attack. The return 
lines near the suction side of the circu lating pump 
a rc pa rti cularly vulnerab le to such attack. Air 
which separates from the wate r as a result of the 
pressure reduction together with that pulled in to 
the line fro m leaky fa ucets appears responsible for 
t he particular vulnerability of these portions of the 
s~· tern to such attack. 
Severe impingement attack of copper was ex-
perienced throughout t he recircul ating hot 1rntc r 
system of a hospi ta l. The municipal supply u::;cd 
for their system showed the following typical 
ana lysis: 
pH 
Ch loride 
Sulfate 
T otal Alkalinity 
T otal Hardness 
7.5 
5 mg/ I 
12 mg/ I 
66 mg/ I (as CaCO") 
80 mg/ I (as CaC0 3) 
T emperatures in the system were maintained in the 
range of 140 ° to 160° F . 
The appearance of a pickled section of copper 
t ubing from this system is shown in Figure 2a . 
The pi ts show a rather unusual elongation at right 
angles to the t ube axis. They are markedly under-
cut on the downstream end (i. e. , the right side of 
Figure 2a). 
:Numerous repl acements have been required 
in this system. From t he condi tion of the section,;; 
examined , it would appear only a matter of time 
before all of the lines will require replacement. 
Even the bronze tube fittin gs show signs of impinge-
ment in this system . (This alloy is much more 
res istant to attack of this nature than is copper. ) 
Steel also was present in this reci rculat in g hot 
\\·ater system. Its co rrosion caused " red water" 
problems. A sodium zinc phosphate glass wa;:: 
app lied to the s~· stem at a rate of 5 mg/ I to protect 
the steel. Although t he pH was sufficiently high 
(7.5) so that some calcium pho~plrntr depo,: i t ion 
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(a) Before pickling (b) A fter pickHng 
f igure 2. Imp inge me nt attack of copper in a recirculating hot woter system 
could be expected at this feed rate, the primary .aim 
was to eliminate the "red water" as soon as possible. 
A section of copper tubing removed from the sys-
tem several months after treatment was started is 
shown in Figure 2b. The pits contain light deposits 
and show no bright bare copper areas. Impinge-
ment no longer appears active. 
Normally the glassy phosphates form very light 
films on copper (unles it is the cathode in a gal-
vanic cell) and are not particularly effective copper 
inhibitors. Hence, it appears that the mechanical 
hielding of the copper surface by the ligh.t de~osit 
was the factor primarily responsible for mactiva-
tion of the impingement attack. 
The deposits, primari ly calcium phosphate con-
taining small amounts of zinc, are rather loosely 
adherent. Their phy ical characteristics are cer-
tainly not such as would be expected to offer much 
resi tance to mechanical removal. Their inhibitive 
action on the impingement attack suggests that 
mechanical disruption of the normally protective 
oxide film is not a major factor in this type of cor-
rosion. It also suggests the action of the higher 
velocities to be the removal of the copper ions 
before oxide film formation or repair can occur. 
On this basis the loose deposit would tend to retard 
the removal of copper ions from the metal surface 
and thereby allow more time for the oxide film to 
form. Added effective life of the rather unstable 
cuprous ion would be afforded by reduction of 
cupric ions by the copper surface: 
Cu 0 + Cu•2 = 2Cu• 
The chief reason for including the above exam-
ple is the insight \Yhich it provides with respect 
to the impingement mechanisms. Deposits are not 
suggested as an ideal means to alleviate impinge-
ment. The best cure for impingement is to avoid 
excessive flow velocities and entrained gases or 
solids. Metals more resistant to impingement than 
copper (for example, certain of the copper a lloys 
used for industrial condenser tubes) should be em-
ployed if higher flow velocities are essential. In 
fact, such alloys might wel l bear consideration for 
use in recirculating hot water systems. 
The above discussion concerns only the type of 
impingement normally encountered in water sys-
tems. Impingement by high velocity steam, par-
ticularly wet steam, can cause mechanical damage. 
Such attack is more ana logous to corrosion-erosion 
than to the impingement encountered in domestic 
lines or cooling water systems. 
PITTING ATTACK 
Localized attack of copper can occur in the 
absence of excessive flO\Y velocities. The resultant 
pitting does not sho\\· the undercut orientation 
characteristic of impingement pits . The following 
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di cus ion will be concerned only with straight 
pitting - that which doe not involve impingement. 
Pitting of copper in potable waters is quite rare 
and equally unpredictable. Isolated cases can sud-
denly turn up in a water system where innumerable 
other copper installations have given and continue 
to give excellent service. The attack is so unex-
pected that pertinent detailed information in regard 
to the tubing and its expo ure conditions generally 
are scarce. Laboratory investigation is impeded by 
the difficulty of initiating pitting by any treatment 
which conceivably might be encountered in service. 
INDUSTRIAL LINES 
Serious pitting of copper tubing was encountered 
in portions of an industrial system after two years 
of e en ti ally cold water ( 45 ° to 75 ° F) service. 
The well water was quite hard, but otherwise of 
good quality. A typical analysis showed: 
pH 7.8 
Chloride 6 mg/ I 
Sulfate 3 mg/ I 
Ammonia 0.05 mg/ I 
Total Alkalinity 192 mg/ I (as CaC03 ) 
Total Hardness 196 mg/ I (as CaC03 ) 
One of the more striking features of the attack 
wa its abrupt change at the joints between adja-
cent sections. A section which showed only light 
general attack might be followed by a severely 
pitted section and vice versa. Where pitting oc-
curred it was concentrated on half of the tube 
circumference. However, there was no specific 
orientation of the portions thus affected with re-
spect to their positions in service. Thus, a section 
with pits on the top half could be followed by one 
with pits on the side, by one pitted on the bottom, 
or by one entirely free from pits. One of the few 
con i tent features of the attack was the main-
tenance of an essentially uniform pattern through-
out the length of an individual section. 
Light malachite (basic cupric carbonate) 
deposits together with minor amounts of silica 
were pre ent on both the pitted and unpitted sec-
tions. 
The marked differences in behavior of the differ-
ent sections of tubing in this system appear to defy 
explanation on the basis of water characteristics 
alone. It suggests a difference in susceptibility of 
the individual sections to pitting attack. In fact, 
this susceptibility to pitting appears to be further 
localized on only one half of the tube circumference. 
No differences of either composition or structure 
could be detected between the pitted and unpitted 
portions of the tubing. Differences in surface con-
ditions are suspected to have been the cause for 
the differences in susceptibility to pitting. No 
peculiar surface conditions could be detected 
around the pitted areas at the time the tubes were 
examined. This does not preclude the possibility 
that such conditions disappeared or became obscure 
during service. Hence, it neither supports nor dis-
proves this hypotheses. 
It is perhaps of interest that no further failures 
in this system have been reported since replace-
ment of the seriously pitted ections five years ago. 
SPRINKLER SYSTEM 
Copper pitting >ms encountered in a sprinkler 
system served by a well water of the following 
typical composition: 
pH 
Chloride 
Sulfate 
Total Alkalinity 
Total Hardness 
7.3 
35 mg/ I 
9 mg/ I 
184 mg/ I (as CaC0,3) 
112 mg/ I (as CaCO.) 
A peculiar feature of the attack was the localiza-
tion of pitting in one size of tubing. The 1 % -inch 
main lines in this system pitted whereas the 1-inch 
laterals did not. The pits in the larger tubes were 
deeper on the bottom of the tubing than elsewhere; 
those in other portions of the tubing appeared to be 
in the early stages of development. 
The surface of the tubes were covered by a th in 
light green deposit. This consisted essentially of 
malachite (basic cupric carbonate) with a light 
covering of calcite and siliceous material. Beneath 
the deposit was a thin film of fine grained cuprous 
oxide. Occasionally the thin deposit on the bottom 
of the larger tubing was broken by green nodular 
malachite tubercles. Removal of the tubercles re-
vealed pits partially filled with relatively large, 
well-formed crystals of cuprous oxide. 
The relatively thin deposit on the unpitted 
areas of the larger tubing could be readily flaked 
off. The underlying fine grained cuprous oxide was 
broken in spots by small bright areas which ap-
peared to be essentially bare copper. These bright 
spots appear indicative of localized breakdown of 
the oxide film and active attack of local areas of 
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the metal surfaces; they are uggestive of early 
stage of pit development. 
The differences in behavior of the two sizes of 
tubing again indicate that differences in the tubing 
were the determinant facto r in regard to pitting 
susceptibility. Water composition may have been 
a contributive facto r, but certainl y not the deter-
minant one. H ere again, differences in surface con-
dition were suspected. It was suspected that the 
surface conditions of the larger tubing rendered it 
particularly susceptible to pitting attack , but again 
no evidence as to the particular surface condition 
involved was obtained. 
DOMESTIC LEAD- INS 
Failures of numerous copper lead-ins as the 
result of pitting attack were experienced in a small 
Canadian village. The fa ilures were restricted to 
the soft T ype K lead-in ; no trouble \Vas en-
countered with the ha rd T ype L copper tubing 
used for interior domestic lines. 
The well supply of this village was a hard 
bicarbonate water of rather high sulfate content. 
A typical analysis showed: 
pH 7.0 
Chloride 1 mg/ I 
ulfate 160 mg/ I 
Total Alkalinity 168 mg/ I (as CaCOa) 
Total Hardness 306 mg/ I (as CaCOa) 
Examination of a section of one of these lcad-
ins howed pits in all stages of devclopment -
from mere bright spots to complete penetration of 
the tube wall. The major portion of the tube 
surface was covered wi th a thin, rather loosely 
adherent nodular green deposit of malachite (i.e., 
basic cupric carbonate). Beneath this was a very 
smooth dark film. In situ examination of this dark 
film revealed only cuprous oxide. There were nu-
merou small breaks in t he dark film where pitting 
appeared active. The film al o was disrupted in a 
band roughly % inch wide which extended length-
wise along the tube. The dark oxide fi lm was 
tightly adherent except in areas adjacent to the 
pits where it could be chipped off quite readi ly. 
The underside of the film in the latter cases showed 
relatively large cuprous oxide crystals. These rela -
t ively large, well-formed oxide crystals also were 
quite prevalent in the pits. They were present in 
the lengthwise band of disrupted film mentioned 
above. 
Figure 3 . Pits in a dome st ic copper lead- in 
The general appearance of the pitted tubing is 
shown in Figure 3. The white spots in the pit in 
the center were caused by light reflections from 
properly oriented faces of relatively large cuprou,; 
oxide crystals. The dark area immedi ately aboYc 
the pit a lso consists of t he coarse oxide crysta l,;. 
The area around the pits and extending tO\rn rcl,-
thc lower right corner is essentia lly bare copper; 
the li ght spots in this area arc due to light rcftcC'-
tions from the roughened metal surfaces. The light 
spot in the lower portion of the pit at the right i" 
due to light reflected from the bare metal. The 
rather smooth dark oxide fi lm is shown in the upper 
portion of the photograph as well as the lower left 
portion. At the left and extreme right of the pits 
are portions of the overlying malachite fi lm. 
The smoothness of t he dark oxide film on the 
unattackcd port ions of t he t ube surface is suggestive 
of t he contour of the original drmrn metal sur face. 
(In fact, the appearance is such as would resul t 
from a thin coating of dark lacquer on the in te rior 
of a new tube.) It suggests t hat either the oxide 
fi lm was initially present or formed sufficiently 
rapidly in service to preserve the initial smoothness 
of the tube interior . Evidently, this oxide film 
was insuffi ciently impervious and protective to pre-
vent the slow growt h of relatively coarse oxide 
crystals beneath the ini tial fine-grained film. Ap-
parently these large crystals eventua lly disrup ted 
the fine grained film in numerous area" and exposrd 
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(o} Tuberculotion (b) Pitti ng 
Figure 4 . Tuberculat ion and pitt ing in an English co ld water line 
the underlying bare metal to a ttack. When the 
fine grained cuprous oxide fi lm was disrupted over 
a rather wide area (e.g., the band which extended 
along the tube), the attack on the metal was 
essentially uniform. When local disruption of the 
film occurred, the resultant attack was of a pitting 
type. The latte r suggests that the oxide-film-
coYercd areas were markedly cathodic to the bare 
metal. 
Growth of the coarse oxide beneath an initial 
fine-grained film suggests a somewhat porous char-
acter of the latter. A continuous cuprous oxide fi lm 
normally would be expected to thicken by outward 
diffu ion of cuprous ions t hrough the film and sub-
sequent formation of additional oxide. 
The smooth, fine-grained oxide film on these 
lead-ins appears analogous to the "glassy" cuprous 
oxide film of Campbell {l) (i.e., his use of the term 
"glas y" refers to the superficial resemblance rather 
than to a true super-cooled liquid st ate. <2 > H e found 
these smooth, shiny cuprous oxide films to promote 
pitting attack; apparently fi lms of this type were 
quite cathodic to the bare metal. H e also noted <3 > 
that oxide films of this type often were formed 
during British bright annealing practices prior to 
1960 ; ubsequently , precautions were taken to re-
move such films. The formation of such films 
during the bright anneal generally restricted their 
presence to the soft tubing. This perhaps accounts 
for the freedom of pitting in the hard Type L 
tubin g used for the interior plumbing in th is village. 
ENGLISH WATER LINE 
It perhaps is of interest to note that a smooth 
dark cuprous oxide film, very simi lar in appearance 
to that encountered on t he pitted lead-ins consid-
ered above, also was observed on a section of pitted 
copper tubing from an E nglish cold water line 
which had fai led after two years of service. We 
arc indebted to Mr. C. W. Drane of Albright and 
Wi lson, Ltd ., for this specimen of pitting copper 
tubing. 
The tube surface Figure 4a was covered with 
a t hin grain deposit of ma lachite (basic cupric 
carbonate) . Scattered along this surface were 
green t ubercles of nodular malachite. Ferric oxide 
deposits were present on t he surface of some of 
these tubercles. Beneath the tubercles " ·ere deep 
pits Figure 4b. Within the latter were scattered 
relatively large, well-formed crysta ls of cuprous 
oxide. Portions of t he underlying dark oxide fi lm 
\\·ere vi :-: iblc around the pit wh ere the overlying 
malachite deposit had cracked off. The identity of 
this dark cuprous oxide film \\·as confirmed by 
in situ X-ray examination . Again , this smooth ox-
ide film appears analogous to the "glassy" cuprous 
oxide \Yh ich Campbell <1 > has fo und to promote 
pi tting. 
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(o) Before cleaning (b) Alter cleaning 
f igure 5 . Tub erculat ion and p ittin g in a copper cold service lin e 
CT he dark fllm after clea ning is a grap hite la yer} 
SERVICE LINES 
Failure of copper pipe (as distinct from tubing) 
occurred as the result of pitting after approxi-
mately 32 years' service in a Pittsburgh building. 
The pipe handled cold Pittsburgh tap water, a low 
bicarbonate, high sulfate surface supply with mod-
erate average hardness; the pH during this period 
generally was in the range of 5 to 7. 
The pipe surface was covered by a thin, rather 
loosely adherent brown deposit of high iron con-
tent. This was broken in spots by protruding 
bluish-green tubercles which consisted chiefly of 
basic cupric sulfate . Figure 5a shows a portion of 
the depo it-covered urface together with several 
tubercles. There were deep pits beneath these 
tubercles; in fact, elsewhere in the section they 
had perforated the tube wall. Within the pits 
were scattered relatively large crystals of cuprous 
oxide. Removal of the loosely adherent brown 
deposit revealed an underlying shiny black deposit 
Figure 5b. In spots where this deposit could be 
chipped loose there were relatively coarse cuprous 
oxide crystals adjacent to the metal surface. In situ 
X-ray examination of the black surface (after me-
chanical removal of the loose brown coating and 
bluish-green corrosion products) showed graphite 
and cuprous oxide. 
The exact source of the graphite is uncertain. 
However, it seems probable that it is a residue of 
the pipe drawing lubricant and was present when 
the pipe was installed. .Judged by the li fe of the 
pipe it seems to have provided a ra ther effective 
barrier to attack for a considerable period. H ow-
ever, corrosion apparently proceeded at a slow rate 
beneath the graphite film with the gradual forma-
tion of relatively large cuprous oxide crystals. The 
latter probably eventually disrupted the graphi te 
film in spots and exposed essentially bare metal 
(as the oxide crystals were too coarse to form an 
effective barrier). The graphite would be expected 
to be cathodic to the copper. H ence conditions at 
breaks in the film (i.e., a high cathodic to anodic 
area ratio) would be such as to favor accelerated 
attack on the metal. 
Campbell C4 > has found carbonized residues to 
cause pitting of copper in hard waters (i.e., 100 
ppm as CaC03 ). These residues can form by 
thermal decomposition of tube drawing lubricants. 
They are reputedly quite rare with tubes drawn in 
this country. The carbonized residues apparent ly 
are qui te cathodic to copper, hence promote pitting 
wherever breaks in the film expose the underlying 
metal. Amorphous carbon would be expected to be 
the major cathodic ingredient of such residues, 
hence to be chiefly responsible for the pitting. The 
graphite film found on t he copper pipe discussed 
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above is perhaps the clo e t to such carbonized 
residues from an electrochemical view which we 
have encountered. It would be expected to give a 
film of lower electrical resistance, hence to provide 
an even more effective cathode than the amorphous 
carbon. 
Campbell <1l also has found manganese deposits 
to cause pitting of copper tubing. This is of par-
ticular interest since quite a few manganese bearing 
waters are encountered in this country. While we 
have encountered manganese deposits on several 
pitted copper tubes, other copper in the systems 
showed similar deposits but no pitting. Hence, it 
appeared difficult to attribute the observed pitting 
to manganese deposits, or at least solely to such 
deposits. 
All of the pitted tubes which have been dis-
cu eel were checked specifi cally for manganese and 
carbon deposits. With the exception of the graphite 
film discussed earlier, neither was found. 
It might be noted in conjunction with manga-
ne e deposits that their removal by acid can cause 
trouble. Such deposits provide a powerfully oxi-
dizing environment in strongly acid media, and 
copper is quite rapidly attacked under such condi-
tions. For example, covering a copper panel with 
a thin manganese dioxide layer increased the loss 
on pickling in 10 per cent sulfuric acid roughly 
50-fold. Many copper alloys are simil arly affected. 
For example, an admiralty tubed industrial con-
denser was severely attacked in an attempt to 
remove a manganese deposit by acid cleaning. 
DISCUSSION 
Most of the cases which have been considered 
point to the condition of the cuprous oxide film 
as the determinant factor a to whether or not 
appreciable attack on copper will occur. Appar-
ently, when a continuous, impervious, fine-grained 
cuprou oxide film can be formed and maintained, 
attack on the underlying metal is quite slow. When 
formation of such a film is prevented, attack is 
quite rapid. 
The normal slow general attack on copper in 
potable water appears to reflect leakage through 
the cuprous oxide film. Conditions which affect the 
solubility of this oxide (e.g., pH) will affect the 
extent of such leakage, but marked acceleration 
of attack will not be encountered as long as the 
fine-grained film remains intact. 
Impingement attack apparently results when the 
flow is sufficiently rapid to remove the copper ions 
before formation of the protective cuprous oxide 
film can take place. Shielding of the surface with 
a loose deposit (e.g., the calcium phosphate con-
sidered in one of the preceding examples) prevents 
this rapid removal and in activates the impingement 
attack. 
Relatively large crystals of cuprous oxide do 
not form an effective barrier on the metal surface. 
Relatively unimpeded attack can proceed through 
voids between such crystals. R ather large well-
formed crystals generally imply relatively slow 
formation. Hence, it would appear that rapid 
attack can occur - in the absence of excessive flow 
velocities - if the cuprous oxide forms at an ab-
normally slow rate. When such retardation of 
cuprous oxide formation occurs over rather large 
areas, essentially general attack proceeds at an 
abnormal rate; when it is restri cted to small local 
areas, pitting results. 
The factors responsible for the slow growth of 
cuprous oxide crystals apparently involve the con-
dition of the metal surface. If they were solely 
characteristic of the water composition, pitting 
attack, if encountered, would be expected through-
out the system; this is rarely the case. The man-
ner in which the metal surface influences the rate 
of oxide formation is not clea r. Possibly certain 
films on the metal surface interfere with reduction 
of cupric to cuprous ions by the metal and thus 
restrict the effective li fe of the rather unstable 
cuprous ion to a degree such as to prevent the 
formation of a protective cuprous oxide film. While 
this is strictly hypothetical, some degree of plau-
sibility is afforded by impingement resu lts. For 
example, the inhibition of impingement attack by 
loose deposits implies that their fun ction is to keep 
the copper ions ad jacent to the metal surface for an 
appreciable period to permit formation of a pro-
tective cuprous oxide film . This in turn suggests an 
added effective life of the rather unstable cuprous 
ion - as the result of reduction of cupric ions by 
the metal surface - to be involved. 
In several of the cases considered above, the 
nature and origin of the surface conditions which 
rendered the metal particularly susceptible to pit-
ting have been identified. The graphite film on the 
copper pipe appears to have been a residue of a 
tube drawing lubricant, a have been the carbo-
naceous films which have given the British trouble 
from pitting. The smooth, hiny oxide films dis-
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cu sed in conjunction with the cases of the Cana-
dian and English water lines also appear to have 
originated during manufacture (i.e., during the tube 
annealing process) . In the remainder of the cases 
other surface conditions appeared to be involved, 
although their exact nature was not identified. 
In quite a few instances we have suspected 
improper storage or fabrication subsequent to 
manufacture to be involved in the susceptibility 
to pitting attack. In one case pits were detected 
in an unused heat exchanger where soldering flux 
had run down the interior of the tubes . In another, 
basic cupric chloride deposits with underlying small 
pits were detected inside tubing which had been 
stored in an unwrapped coil. 
Avoidance of the use of pitting-susceptible 
tubing would appear to be the most practical means 
to avoid copper pitting. Careful inspection of the 
tubing prior to use would appear an advisable pre-
cautionary measure. Admittedly, the exact surface 
conditions to be avoided are somewhat obscure. 
However, it would seem advisable to consider any 
unusual surface films or evidence of corrosion with 
~ usp1c10n. If used, such tubes should be cleaned 
thoroughly to remove such material prior to instal-
lation. Such cleaning probably would require acid 
pickling. This in itse lf requires precautions -
thorough rinsing including a neutralizing rinse -
to avoid leaving an acid residue in the tubes. 
ViTater composition perhaps is a contributory 
factor to the pitting. Ho,,·ever, it appears doubtful 
that the extremely few cases of copper pitting 
which might be anticipated in a given distribution 
system would justify conective \\' ate r treatment, 
even if it were available. 
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RESIDUAL CHLORINE IN DISTRIBUTION SYSTEMS 
J. v. FEUSS1 
Treated water entering a distribution system 
may be disinfected, but it is seldom completely 
terilized. While the organism remaining in the 
water may have no public health significance, their 
growth in the system and the subsequent build-up 
of organic and inorganic materials can create seri-
ous problems. The primary reason for maintaining 
residual chlorine in distribution systems is often 
to control those non-pathogenic slime-forming 
organisms. Maintaining residual chlorine in the 
di tribution system does more than just this. It 
provides added protection again t water-borne 
pathogens, in the event that the water entering the 
distribution system is not completely disinfected , 
and it is often instrumental in increasing the pal-
atability of the water. In addition, it provides at 
least partial consumer protection in the event of 
sy tern pollution through cross connections, infil-
tration and even sabotage. It is simply good 
qua lit; control of a finished product - potable 
\Yater. 
Practical experience provides sufficient proof 
that chlorine is a powerful tool. Analytical chem-
ical and bacteriological studies have also provided 
information which serves as a guide to the proper 
use of this tool. The purpose of this paper is to 
summarize some of the available technical and 
practical information on chlorination in the hope 
that it may be of assistance to those engineers 
evaluating the merits of maintaining residual 
chlorine in the distribution system. 
CHEMICAL REACTIONS OF CHLORINE 
Any detailed discussion of chlorine inevitabl~· 
involves some chemistry. The reactions of chlorine 
with water and with the many substances that may 
be in the water and the effect temperature and pH 
have on these reactions are all related to the per-
formance of the chlorine added. 
There are a tremendous number of reactions 
1 Technical Consultant, 'Vatcr and 'Vnste Trentrnrnt , \\·allnrc nnd 
'l'i £>rnn n, Jnr. , Rellevillc , New J<>rs<·.r. 
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that can be initiated when chlorine is added to 
natural waters. It would take considerably more 
data than we nmY han on the kinetics of these 
many reactions, a nry detailed analysis of the 
water prior to chlorination, and a computer to pre-
dict exactly what will take place ,,·hen chlorine i~ 
added to the water. 
To simplify the ensuing di scussion, the ma-
jority of materials " ·ith which rhlorine "·ill react 
in dilute solutions will be roughly categorized into 
five groups: inorganic substanres, ammonia , amino 
acids, proteins, and carbonaceou,: matter. 
Of course, the first reactions that should be 
con idered are those bet\\·een chlorine and \\·ater 
(Reactions 1 and 2). In chemicall~· pure \Yater, 
chlorine reacts with the water and hydrolyzes to 
hypochlorous acid (HOC!) and hydrochloric acid 
(HCl).t 1> 
Reaction 1: Cl 2 + HzO ~HOC! + H + +CI-
Reaction 2: HOC!=:::;: H + + OCI-
When the pH is aboYe three and the concentration 
of chlorine is less than 1000 mg/ I, the reaction is, 
for all practical purposes, irrc,·c rsible and instan-
taneous. The hypochlorous acid dissociates to 
hypochlorite ions (OCI-) and hydrogen ions (H+). 
Th e equilibrium condition for this reaction is a 
function of the pH and temperature as sho"·n 
graphically in Figure 1. Because the dissociation 
is so rapid, the equilibrium ratio at any gi,·en pH 
remains constant even though the hypochlorou" 
arid concentration may be decrca:-:ing. 
ince the oxidizing agents in \Yater arc the 
hypochlorous acid and the h~· poch lo rite ion rather 
than molecules of elemental chlorine, the unreacted 
cxcc~s has been classified as free available re~idual 
chlorine. As the pH of a solution containing 1.0 
mg/ I of free available residual chlorine is cleYatcd , 
the oxidation potential clccrcascs as sho\\·n in Fig-
ure 2. t34 > The curve plotted b>· Chang for 8.7 mg/ I 
of free available residual chlorine is almost iden-
tical. t12 > The oxidation-reduction potential i:- a 
measure of the tendenc~· chlorine has to react "·ith 
othrr materials. UnfortunatrlY, it is not a rnrasurr 
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Figure I . Relative am ounts of HOC/ and O CI present at various pH values 
of the speed with which these reactions will take 
place. In essence, as the pH increases, chlorine 
tends to react with fewer substances, and it is gen-
erally accepted that, as the temperature increases, 
the reactions that do take place will be faste r. 
The oxidation reactions of chlorine with inor-
ganic reducing agents are generally very rapid . 
ulfides,<5 J sulfites, ferrous iron, and nitri tes are 
examples of such agents. Some dissolved organic 
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Figure 2. Variatio n of o xidation p oten tia l of solutio ns 
conta ining d ifferent compounds of chlorine 
materials also react with chlorine rapid ly, but the 
time required fo r completion of most organi c 
chlorine reactions is a matter of hours. 
The kinetics of the reactions of chlorine with 
ammonia, amino acids, and proteins, and the prod-
ucts produced by t hese reactions have been exten-
sively studied at H arvard by F air, Morris, Chang, 
Weil , Burdon, and Culver, <1 8 • 26 • • 1 l and, in E ngland , 
by Palin. <30J The common goal of their work was 
to theoretically explain the findin gs of Griffin <20 l 
and other investigators of the breakpoint process. 
Griffin has shown that when chlorine is added to 
water containing ammoni a or ammonia ions, a 
residual oxidant is obtained. H owever, when the 
ini tial molar ratio of chlorine to ammonia is 
greater than 1, oxida tion of ammonia and reduction 
of the chlorine starts t o take pl ace. When the in itial 
molar ratio of chlorine to ammonia is around 2, all 
of t he free ammonia is oxidized and chlorine re-
duced if suffi cien t time is a llotted for the reaction. 
The reactions of chlorine wi th a lbuminoid ni trogen 
were fo und to produce a form of t he breakpoin t 
curve. But, the hump and the breakpoin t in the 
curves were usually less discernible than tho,:e 
obtained wi th free ammoni a. 
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(AJ Initia l chlorine to a mmonia weight ratio 5 , 1 
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(CJ Initia l Cl,N / N weight ratio 5, 1 co ntact perio d 10 min s. 
The conclusions made from the research con-
ducted at H arvard and that by Palin differed with 
respect to certain points. Essentially, however, they 
established that the reactions of chlorine with 
ammonia can be represented by Equations 3, 4, 
and 5. 
Equation 3: HOC! + NH3 ~ H 2Cl + H 20 
Equation 4: HOC! + NH2Cl ~ H Cl2 + H "O 
Equation 5: HOCl + NHCl2 ~ NC13 + H 20 
The authors also agreed that the rate of chlorine 
substitution and the reaction products are a fun c-
t ion of the pH, temperature, time, and ini tial 
ch lorine to ammonia ratio. For pH values less than 
5, the reactions between ammonia and chlorine may 
require several minutes. The actual products of the 
breakpoint reactions and the mechanics of t he 
reactions are yet to be clearly defined. The amount 
of dichloramine (NHCl 2 ) formed during the reac-
tion is also questionable. It is agreed that the 
amount of dichloramine formed is also a fun ction 
of the temperature, pH, time, and initial ratio of 
chlorine to ammonia. The amount formed, as found 
by Palin, is much lower than that found at H arvard 
under the same conditions. Fair et al . os> report 
that the equilibrium condition between monochlora-
mine and dichloramine can be expressed as follows: 
(NH! ) (NH Cl2) = 6 7 X lO ' (H+) (NH2Cl2) . 
This relationship for a chlorine to nitrogen molar 
ratio of 1 is plotted in Figure 3 (Curve A). Curves 
B and C in Figure 3 are the relationships obtained 
by P alin. Baker< 2 > adds support to P atin 's findin gs. 
In any event, at pH values below 6, some dichlora-
mine formation is to be expected. Patin's research 
also indicates that at pH values below 7.5 some 
nitrogen trichloride formation is to be expected as 
well. 
Morris and co-workers, <26 > as well as Palin <30 > 
found the reactions between chlorine and glycine, 
the simplest of the amino acids, followed a form of 
the breakpoint pattern. Palin also investigated the 
reactions of chlorine with valine, alanine, leucine, 
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tyro ine, and cy tine. Figure 4 is from P alin 's work 
and shows the resemblance of t he reactions to t hose 
of ammonia. M orris noted t hat t here is a lso some 
oxidation of carbon occurring whi ch tends to offse t 
the stoichiometri c relationships between t he avail-
able ammonia and chlorine in these reactions. 
T he oxidation-reduction potentia l of t he chlora-
mines is much lower than t hat of free avail able 
chlorine and is also affected by pH. F or pH yalues 
between 6 and 8, t he chloramine oxidation poten-
tia l is shown in Figure 2 with a simil a r curve for a 
1.0 ppm combined residual fo rmed with glycine. 
The influence of t he ammonia- chlorine ratio upon 
the oxidation po ten tia l is shown graphically in 
F igure 5. 
The lower oxidation poten tial of the ammonia 
chloramines indicate t hat t hey are Jess reactive 
than free available chlorine. The research con-
ducted by Ingots et al. <22 > on the reaction of free 
and combined available chlorine wi th various 
amino acids a lso indicates t hat t he chloramines 
react ;;: lower and to a lesser degree. 
DISINFECTION WITH CHLORIN E 
The mechanics of disinfection wi th chlorine a rc 
still an academi c puzzle. If t he prc,:cnt acreptrd 
theories \\·ere thrown together in a general fas hi on. 
disinfection wi th chlorine could be explained as a 
result of oxidation of a key enzyme< 19 > or en-
zymes. <22 > Th e difference between the po tency of 
free and combined available chlorine could t hus 
be expla ined by the difference between their oxida-
tion potentia ls,< 12 • 3 •> reaction ra tes, and extent to 
" ·li ich t hey react. <22 > l\Ioreove r, it is possible t hat 
some of the reactions of the chloramines \Yi th a key 
enzy me may be reversible.<2 2 > The Yarying resi:;t-
ance of organisms to chlorine may be a result of 
Yari ations in phys ical resistance to chlorin e diffu-
sion offered by t he cell wall . <18 > 
Thus, in practice, t he rate of di sin fection " ·ith 
chlorine is a fun ction of many Yariables. It is de-
pendent upon t he concentration of chlorine (C), 
ammonia-ni t rogen (N ) , and other organic and 
inorganic materials with which chlorine wi ll react 
(0 ). In addition , temperature (T ) , pH , the natural 
resistivity of the strain of the organism to chlorine 
(NR) , and the imposed resistivi ty (IR) of the 
organism as a resul t of the protection provided by 
,.; u::; pcndcd mate ri a l,.; in the \\" a ter a ll a ffect the 
degree of di sin fection. For those in tcrc" tcd in 
nrn thcmati ral expressions, l offer : 
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Thi equation has absolutely no practical use in 
its present form and it will t ake considerably more 
coordinated research before anyone wi ll be in a 
posit ion t o integrate it. However, substantial con-
tribu tions to our knowledge of the relationships 
between disinfection and some of these variables 
have been made. 
The principal known water-borne cnteric bac-
terial di eases in thi country are: t yphoid, para-
typhoid, bacillary dysentery, and gastrocntcri ti 
which are caused by salmonella and shigcl la 
organisms. The most significant protozoan disease 
is amoebic dysentery, the causative organism being 
the cyst of Endamoeba his toly tica. The only virus 
organism proven to be capable of using water as a 
mode of transmission is the in fec tious hcpatiti 
virus. 
Butterfield et al. !9 • 10 • 11 • 40 > have done the most 
extensive work on the rela tive resistance of vcgetivc 
organisms and E . coli to residual chlorin e at ya ri-
ous pH Ya lues and temperature. Chang(1 3 > has 
stud ied the chlorine requirements to inactivate 
is amoebi c cys ts and Snow <3 "> has cntluated t his 
work. Nec fc,< 2 '· 28 > with the aid of hum an Yohm-
tcer:', examined the treatment required to in actiYatc 
the in fectious hepatitis virus. 
The fo llowing is a summary of the genera l con-
clu sions made by Bu tterfield and his co-workers. 
vYhi le many fac tors were considered during t he 
performance of this research, the effect " ·hi ch im-
posed resistivity and organic matter may have on 
the disinfec tion criteri a was necessarily ruled ou t 
by using chlorine-demand-free distilled \Yater. All 
references to combined available residual chlorine 
arc solely ammoni a-chloramines. 
(1) The hydrogen ion concentration has a 
marked effect on the bactericidal effi ciency of bo th 
free and combined available re idu al chlorine. 
Th eir kil ling power is diminished as th e pH is in -
creased. 
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(2) An elevation in water temperature tends 
to increase the ra te of disinfection . 
(3) At pH values between 7.0 and 8.5, there 
is an apparent reversal in the relative resistivity 
of E . ty phosa and E . coli t o free available residual 
chlorine. At the lower pH values, E . typhosa was 
more resistant. 
(4) S. sonnei, the most resistan t of t he six 
shigella species tested, and some strains of E . ty -
phosa appeared to be slightly more resistant to 
combined available residual chlorine t han E . coli. 
None were found to be more resistant th an A . 
aerogenes. 
(5) The presence of excessive amounts of am-
monia did not markedly affect the bactericid a l 
effi ciency of the resultant combined available resid-
ual chlorine. 
(6) Under the most favorable conditions, pH 
7.0 and water temperatures between 20°C and 
25 °C, 100 per cent kills cannot be obtain ed wi th 1.2 
mg/ I combined available residual in ten minutes 
but they rnay be obtained wi th t wenty minu tes 
contact time. 
(7) At pH 7.0 and wa ter temperatures between 
20 °C and 25 °C, 100 per cent kills are obtained 
with 0.04 mg/ 1 free avail able residual chlorine in 
one minute. 
(8) The longer the contact tirne with either fr ee 
or com bined available residual chlorine, t he rnore 
effective the disinfection. 
Chang's< 13 > investigation of the cysticida l effi -
ciency of chlorine shows it to be dependent upon 
temperature, contact t ime, cyst density, and pH. 
Tests were performed to determine the residual 
required to inactivate the cysts in water containing 
about 0.097 mg/ I organic nitrogen and between 60 
and 80 cysts per ml. F or pH values of 7.0 to 8.2, 
approximately 3.2 mg/ I residual chlorine and th irty 
minutes contact time were required to dest roy the 
cy ts. Addit ional studies led to t he general con-
clu ions that t he chlorine requirements fo r cyst 
inactivation are halved fo r every 20°F temrieratm e 
elevation, quartered when the contact tirne is 
doubled, increased by 25 per cent when th e cyst 
density is doubled or the pH is raised to 9.0, and 
halved when the pH is lowered from 7.0 to 6.0. 
The death of colon bacilli was found to precede 
that of the cysts. 
Becker et al. <3 > a lso examined the effects chlo-
rination has upon t he li fe span of Endarnoeba 
his toly tica. They were concerned primarily wi th 
the fact that the cyst s used for Chang's work had 
been carried in the laboratory on artifi cia l media 
for a considerable length of time and thus may be 
less resistant to chlorine than cysts derived from 
man. M any tes ts were run, t he exact number not 
specified, using \'arious doses of chlorine and con-
tact times. T\\'enty-two t imes during t he condit ions 
examined (2.0 mg/ I residual after twenty minu tes 
to 10 mg/ I residual chlorine after sixty minu tes) a 
complete kill was not realized . The major portion of 
the rcsidual.s was probably free a\' ailablc since the 
initial molar chlorine t o ammonia ratios were a ll 
above 2 at pH 7.0 and l 8°C. Th e conclusion from 
t his work, as of t hat from the inves tigations con-
ducted by Brady and others, «l showed t hat the 
main tenance of a free available residual of 2.0 mg/ I 
and contact periods of thir ty minutes or cnn an 
hour do not guarantee complete destruction of the 
cysts. 
The apparen t disagreement may be clue to the 
different methods used while conducting the lab-
oratory investigations. H owever, vari a tions in nat-
ural and/ or imposed resistivi ty could well have 
been a significan t cause. 
As a n Army captain, Ncefc( 2 s> proved to the 
misfortune of two volun teers th at 1.08 mg/ I tota l 
residual chlorine (dose = 2.5 mg/ I) in raw water 
fo r thirty minu tes was not capable of inactivating 
the in fectious hepatitis v irus. Superchlorination to 
a 15 mg/ I residual after t hirty minu tes apparently 
was capable of inactivation. 
As a major, Necfe( 2 7l determined t hat the appli-
cation of sufficient chlorine to provide a free ava il-
able and total residual of 0.4 and 1.1 mg/ I a fte r 
thirty minutes contact time was adequate to disin-
fect previously coagulated, settled, and fi ltered 
water containing the virus. Th e pH values during 
the tests were slightly below 7.0. 
SLIME GROWTHS 
Growths in t he distribu tion system can consid-
erably reduce the carrying capacity of t he con-
duits, (G, 21 • 23 • 3 2 • 33 > cause obj ectional tas te and 
odors, discolor the water, and cause corrosion. ( "· 
17
• 
3 8
> During the past twenty years, our research 
laboratories have examined slime samples from all 
over the Uni ted States. Algae samples from open 
equalizing reservoirs to fe lt -like intenrnvcn growths 
of Gallionella, Leptothrix , and Creno thrix \rerc re-
ceived for ident ification. 
The ability to fo rm slime on capsula r materi a l ~ 
RESIDUAL CHLORINE IN DIST RIBUTION SYSTEMS 47 
Figure 6 . Gallione lla, leptothrix, and crenathrix 
(phatom icra graph 265A mag. 430X) 
is a characteristic of many fungi. Almost all bac-
teria, the mallest and most common fungi organ-
isms associated with pipeline growths, have the 
abili ty to surround them elves with a gelatinous 
sheath or capsule during their smooth growth 
phase. <3 n Because of the adhesive properties of 
slime, it tends to accumulate on the interior sur-
faces of the pipe. Any insoluble matter in the 
water tends to adhere to it. Some of the spore-
forming bacilli have also been found in many of 
the samples tested. Some organisms that may ad-
here to the slime are not actively producing the 
material. As a result, attempts to correlate the lab-
oratory data on chlorine requirements for destruc-
tion of the slime with actual requirements in the 
fi eld are frustrating. 
The concentration of organic matter, t he types 
and concentration of inorganic compounds, pH , 
temperature, dissolved oxygen, and electrolyte 
concentration are the predominant factors that 
decide what, if any, growths will flouri sh. 
With oxygen depletion, many of the lower bac-
teria are capable of reducing organic sulfur to the 
odorous hydrogen sulfide. Inorganic sulfur com-
pounds are a lso readily reduced by at least one 
species, the anaerobic Sporovibrio desulfuricans . 
The latter species grow best in warm , sulfate-
bearing waters that are low in organic ma tter. 
Under aerobic condit ions, the Thiobacilli can re-
verse the procedure and oxidize inorganic sul fur to 
corrosive sulfates. 
The most trouble ome growths are usua ll y 
caused by t he higher branching and specia lized 
Figure 7. Beggiatoa (p hotomicro graph 263A mag. 430 XI 
forms of bac teria. The higher bacte ri a a re usually 
considered to be autotrophi c, bu t some haYe been 
found to be slightly hetero trophi c. The common 
iron bacteria, Gallionella, Leptothrix , and Creno-
thrix (Figure 6) are capable of deriving their 
energy from the oxidation of fe rrous carbonateR. 
The latter two organisms may use manganous salts 
as \Yell. The resul ting growth is a mesh of threads 
which encase insoluble oxidized iron or rn anagnese. 
In t ime, these growths tend to die, decay, and re-
lease the insoluble metalli c salts. In cold wate rs, 
the growth of Gallionella is favo red. When sum-
mer comes along, the problem created by Gal-
lionella is alleviated bu t Leptothrix and Creno-
thrix can then take over the invasion task. 
Beggiatoa, one of the so-called "specialized" 
fo rms of bacteria, oxidizes hydrogen sul fi de to fr ee 
sul fur. These organisms also grow in long fil ament 
and encase granules of free sulfur (Figure 7). 
PERSISTENCE OF RESIDUAL CHLORINE 
I n the preceding sections of this paper, the ob-
ject was to condense some of the techni cal info rma-
tion concerning chlorination in genera l. Howewr, 
this material is as pertinent to the distribu tion s ~·s ­
tem as it is to chlorination at any other poin t in 
the water works. There a rc other parameters that 
are specified fo r each system whi ch govern the 
desirable type and amoun t of residua l chlorine to 
be carried. These include the extent of raw wate r 
t reatment, the amoun t of bacte ri al actiYity and 
sedimentation in the s~·stem , the temperature a nd 
pH of the treated wate r, the materi als in the 
treated water, and t he layout and the amoun t or 
circulation in the cli ::;t ribution system. 
The common statement that combined a\·ailable 
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residuals a re more per isten t than free avail able 
residuals is seldom qualified; t hat is, they are more 
persistent when the chlorine requirement of the 
materials in the treated water has not been com-
pletely satisfi ed and/or when the system has been 
fouled with slime growths or readily oxidizable 
deposits. 
Where raw water i coagulated, settled , and 
filtered, keeping a free available residual in the 
water until it reaches the consumer 's tap is usually 
easier and result in fewer complaints. The major 
portion of suspended materi als is removed and thus, 
troublesome accumulations of precipitated matte r 
in the ystem are minimized. The opportunity for 
oxidation of phenol and related derivatives, am -
monia, and albuminoid nitrogen, is usually there . 
As the quality of the raw water and/ or the 
degree of treatment decreases, the problems en-
countered when attempting to keep a free residual 
t hroughout the system usually increase. Continued 
reaction of chlorine with sub tances in the water 
while it is in the distribution stage has been known 
to cause odors not a pparent at the treatment plant. 
Where complete oxidation or saturation of the pos-
sible chloro-organics is not practical within the 
confines of the treatment plant, distribution of the 
less reactive combined avail able residuals may 
olve the aesthetic problems. The need for break-
point or superchlorination prior to distribution is 
in no way diminished by maintaining a residual in 
the transmission lines. Conversion of the free resid-
ual to a combined residual with ammonia is com-
mon practice in many a reas. Wi lliams, at Brant-
ford, Ontario , is now evaluating the use of ammoni a 
for both partial dechlorination and the conversion 
step . H e reports that the process is working \Yell 
and the complaints of nitrogen trichloridc odors in 
the delivered water have a ll but ccased .<• 2 > 
If the distribution system is badly infested with 
slime growths, attempting to main tain a free resid-
ual in the system will clean it up several t imes 
faste r than a combined residual would. But, during 
that period of time, several consumers would prob-
ably complain about the "clorox cocktail" they were 
getting. That slime growths can be brought under 
control with combined residuals was sho \\"n by 
Amsbary< 1 > in Champaign-Urbana, Illinois, about 
30 years ago. Ini tia lly , he added 1.2 mg/ I of chlor-
amine and about a year later he was able to 
maintain a residual throughout the system \\·ith a 
dose of only 0.67 mg/ I. On the other hand , 
Brown <14 > \YaS ab le to clear up the slime problem in 
the Santa Rosa, California, system in a few \\·eeks 
by employing a dose of 3.0 mg/ I of chlorine (with-
out ammonia). The newspaper editorials did not 
praise him for solving the growth problem so 
rapidly. 
The effect water temperature varia tions haYc 
on the persistence of a combined residual \YCre 
noted in the anS\Yers to the questionnaires sent out 
by Griffin <39 > and the investiga tions of Plo \rnrnn 
and Rademacher .< 3 1 > In general, as the tempera-
ture in creases, the residuals become more rcactiYe. 
The critica l water temperature a ppears to be be-
tween 60 to 65 °F, for at temperatures above the::>c 
the rate of residual depiction increases much more 
rapidly than a corresponding temperature change 
below 60 to 65 °F. 
Plomnan and Rademacher , \Yith the aid of re-
sidual recorders, also found short circuiting through 
storage reservoirs to be one of the major ca uses of 
residual chlorine flu ctuations in the system. H O\\·-
ever, poor circulation in any part of the system 
will make it difficult to maintain a residual. Where 
it is impossible or impractical to maintain residual s 
throughout the system by chlorinating the fi lter 
effluent, ch lorination controlled by residual record-
ers at main points in the system may make it 
feasible. Suggested points of app lication. arc in the 
t ransm ission line just ahead of the grid system, at 
pump stations, or at storage rcsen·oirs. <25 > 
The actual residual level t hat should be main -
tained in the distribution system can only be de-
te rmined by the engineer in charge of that part ic-
ular system. In Illinoi , K lassen has recomm ended 
that not less than 0.10 to 0.15 mg/I of free avail abl e 
reRidu al chlorine or 0.4 to 0.5 mg/ I combined avail -
ab le residual ch lorinc be main tained in all ac ti,·e 
parts of the distribution s:-·stem . <2 •> Griffin's< 3o> 
suryey of 92 \Yater t reatment pl ants shO\\·cd that 
thirt:< of them maintained an anrage free aYa il abl c 
residua l of 0.18 mg/ I and fif ty-one maintained an 
anragc combined available residual of 0.51 mg/ I at 
t he ends of the distribution system. 
PUBLIC HEAL TH ASPECTS 
There are points upon which disinfection au-
thorities will disagree. But the fact that the bac-
tericidal effici ency of chlorine increases \\·ith time 
of contact is concurred \\·ith by all. If there \\·ere 
no minor leaks in the system, no slime grO\\·ths, or 
no possibility of decaying organic matte r arcumu-
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lating in the distribution system, main tenance of 
residual chlorine is still added consumer protection. 
It is difficult, if not impossible, to design a sys-
tem that can be guaranteed not to leak. It is a lso 
difficult, if not impossible, t o avoid some crossover 
of water and sewage lines. The chance of creat-
ing a negative head in a distribution line is possible. 
The chance that more people are get ting wa ter in-
fection than we know of is also very possible. It is 
t rue t hat chlorine can only be effective if the pollu-
tion of the system is very gradual. How many 
systems are ubj ect to such gradual infiltration? 
In t he ca e of mass contamination of the system, 
the residual chlorine would probably be reduced 
quite rapidly. But the disappearance of residual 
chlorine can be monitored. With the help of resid-
ual recorder in the distribution system and/ or b~· 
tap testing for residual chlorine, the possibili ty of 
system pollut ion is brought to the attent ion of the 
authorities and the points of pollution a rc more 
discernible. 
E liassen 's analysis of the wa ter-borne disea:::e 
outbreaks among consumers of publi c water be-
tv<een 1938 and 1945 reveals th at contamination 
of the distribution system caused the greatest mnn-
ber of cases.<"> One of the largest outbreak:: oc-
curred a t Newton, K an as . An epidemic of 3000 
cases of bacillary dysentery was reported in 1942. 
In 1952 the Kansas State Board of H ealth re-
quested the cities using surface supplies to main tain 
a minimum of 0.4 mg/ l of free available residua l 
chlorine at all con umer t aps. 0 "> T oward th e encl 
of 1952, 30 cases of amoebic dysentery broke out 
among fac tory workers in South Bend , Indiana. 
The reason was, again, contamina tion of the dis-
tribut ion system. <29 > In 1956 K ansas reviewed the 
\Yater quali ty improvements as a resul t of their 
four-year-old request. The request was made into 
an order. 
In some par ts of the United States, intention al 
pollu tion of the distribu tion system is once again 
a real t hreat. To most communi ties, sabotage 
seems very remote. Anyone planning to pump in-
fectious organisms or toxins into the water would 
probably add a dechlorinating agent if a residua l 
is carried in the system. <35 > Twenty y ears ago, this 
argument was raised when the federal government 
requested all municipal water works to maintain 
residual chlorine in their distribution systems. Wi th 
the advent of reliable residual recording equipm ent, 
this becomes an argument in favor of maintaining 
residuals. While th e fi eld of biological \Yar fa rc has 
probably made tremendous "gains" in th e last fc \Y 
years, and the original estimation th at 1 gram of 
the toxin of Clostridium botulinum wi ll kill 7 mil-
lion peop]e< 4 3 > has been somewhat diminished, <s> 
the possibili ty of intent ional contamin ation due to 
either nationalism or insani ty is real. (4 > 
CONCLUSIONS 
This paper is in essence the conclu ions of many 
papers on the subj ect of chlorination arranged in 
such an order so as to aid those engineers consid-
ering the merits of maintaining residual chlorin e in 
th e distribution system. Proper chlorina tion can 
cont rol growths in the system, increase the palata -
bility of t he \Yater , giYc added consumer protection 
against water-borne di seases, and at least partial 
protection against accidental or intentional con-
tamination of the sys tem. It is quality control and , 
in accord ance with the motto of the American So-
ciety of Sani tary E ngineering, "PrcYcntion R ather 
Than Cure." 
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ADVERSE EFFECTS OF POOR CIRCULATION IN SMALL WATER DISTRIBUTION SYSTEMS 
JoHN C. GurLLOU1 
INTRODUCTION 
The purpo e of this discus~ion is to call atten-
tion to the fact that large size pipes in small town 
distribution systems may lead to serious problems 
with water quality. It is generally recogn ized that 
large size mains are desirable for fire protection 
purposes. Designers frequently fail to recognize 
that satisfaction of design criteria for fire protec-
tion is accompanied by inadequate satisfaction of 
water quality criteria. 
John R. Freeman, who " ·as one of the earliest 
and most effective of the champions for adequate 
main size , is reported to have stated in 1889 that 
any man who laid a 4-inch main near a factory 
ought to be hanged. This discussion is not at odds 
with this early , and probably very true, pronounce-
ment, but it is intended to demonstrate that satis-
faction of fire criteria is only one part of the 
effective design of small town water distribution 
systems. 
In addition to the need for an adequate rate of 
water fl.ow is the need for an adequate quality of 
water supply. It is in meeting the quality criteria 
that the designer is forced to consider the problem 
of circulation in the proposed system. The 'rnter 
leaving the treatment plant may be of very high 
quality, but upon reaching the customer, the same 
water may be of very poor and unacceptable 
quality. 
SYMPTOMS OF POOR QUALITY 
Two examples of poor water quality which re-
sult from excess travel time, or from inadequate 
circulation, a re "red" and "black" water. These 
two problems are responsible for a large percentage 
of complaints from distribution system customers. 
"Red" and "black" water chiefly occur in sys-
tem which receive their supply from aquifers con-
1 Associate Professor o f Hydraulic Engineering, Department of 
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taining raw water with dissolved iron or rnanga-
nc c. When these soluble metal s are oxidiicd they 
change to the insoluble state. In the case of dis-
solved iron, in the ferrous state, oxidation causes 
the formation of ferric hydrox ide and a cli stincti,·c 
rcd-ru~t color precipitate is formed. When Ui c ra\\" 
water contains manganese, oxidation forms a black 
precipitate ''"hich is equally objectionable. D eYel-
opment of the precipitates is occasional!)· accom-
panied by objectionable odors. 
Unfortunate ly , the occurrence of red \rater i;; 
not limited to systems which draw their basic sup-
ply from beneath the ground. i\Iany systems ,,·hich 
have surface sources also experience red \\·atcr 
problems even though there is no appreciab le di s-
soh ·ed iron in the raw water supply. In this case, 
red water is caused by the corrosion of metal sur-
faces within the distribution system. Iron i ~ clis-
solnd from the pipe and tank surfaces and oxi-
dized to insoluble rust. It is then carried through 
the system to accumulate in those pipes where 
there is a low velocity of flow. 
It is interesting to consider the actual surface 
area of pipes in small distribution syste1m. Ta-
ble 1, based on evaluation of 1955 operati ng data, 
has been prepared to illustrate that very appreci -
able contact area is available even in small sys-
tems. The calculations arc based upon an assumed 
pipe diameter of 6 inches which is poss ibly exces-
sive for small tom1s, but is conscrvatiYc for larger 
tO\\"nS. 
The table indicates that for a town "·itli popu-
lation of 16,000 persons the contact area, only 
within the pipe, is 384,000 square feet , or 24 square 
f cct per person. 
Population I\1 C'an 
Group Population 
Tabl e 1 
Pipe Con tact Area 
~liles of 
i\Iain 
l l6 ,000 2 !l/ I ,000 
2 25,000 2 .G/ 1,000 
3 37 ,000 2 .4/ 1 ,000 
4 60,000 2 .4/ 1,000 
•Based on 8,280 square fc('t p('r mile. 
Pip<' ArC'a 
Rquarr Acres 
FcC't• 
38-1,000 8 . 8 
!i~!l,000 12 .4 
nri,ooo 16 .!l 
1, 190,000 27 . :i 
-
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CONTROL OF OXIDATION 
One method of chemical control of red \rnter is 
the addition of polyphosphates to the water as an 
initial step in treatment. The usual rates of appli-
cation are between two and four parts per million 
of polyphosphates per part of iron up to a limit of 
about two to four parts per million of iron. The 
mechanism whereby polyphosphate inhibits the 
formation of the red water i known as seq uestra-
tion. Examination of available literature indicates 
that the addition of polyphosphates is by no means 
a cure-all to the situation. It is apparent that in 
time the effectiveness of polyphosphate decreases 
and that if too much iron is in the water supply 
polyphosphate is sometimes ineffective. Further-
more, the development of a phosphate em·ironment 
may stimulate the growth of certain bacteri a within 
the di tribution system. 
It is also common practice to add polyphos-
phate to active, but iron-free, waters which would 
attack exposed iron surfaces. In t his case, the 
sequestration process is supposed to occur at or 
near t he wall of the tank or pipe. Continuous 
treatment is required because the process is a con-
umptive one. Unless a continuing supply of poly-
phosphate is available at the point of attack, se-
questration will exhaust the available supply, and 
red water will result. 
A method of eliminating t he pickup of iron 
from exposed surfaces, as opposed to controlling 
the change of state, is to coat the inside surface of 
the pipe and tanks with water-borne additives. 
Several investigators have reported remarkable 
uccess with this procedure. 
IMPORTANCE OF CIRCULATION 
The importance of flow velocity within the main 
cannot be overemphasized. If the raw water con-
tains iron and is treated by the addition of poly-
phosphates, the finished water should be relatiYel:-· 
table. Obviously, the shorter the delivery time of 
the treated water the closer the delivered water "·ill 
approximate the quality of water leaving the treat-
ment plant. 
Velocity of flow is even more important when 
iron pickup from the distribution system is con-
sidered. If it is accepted that the iron pickup for 
a given volume of flow is a function of contact time 
then it follows that as the contact time is decreased 
the v-·ater quality must in crease. Thus, high Ycloc-
1.0 ~pipe - ~ 
Laminar flow 
Pipe wall 
Pain/ velocil V0 
Maximum velocity Vmox 
Fig ure 1. Velocity profiles in a pipe 
Turbulent 
flow 
itics will be associated with high riuality and 1011· 
,·elocities " ·ill be accompanied by poorer quality. 
The mechanics of iron pickup, and the conse-
quent occurrence of reel \\"ater, rel ative to flow 
\"Clocity, may be ,·isualizecl by reference to the 
n locity curves of Figure 1. 
Considering the n locity diagram for lamin ar 
fto"·· it is noted that the rate of mo\"cmcnt is zero 
at pipe 1rnll and that it increases gradually to a 
maximum at the pipe centerlin e. Thus, fo r the case 
of the lamin ar flO\Y, there will always be a substan-
tial thickness of sl0\1·-moving 1rnter in close prox-
imi t.'· to the pipe wall, and as a conscriuence sub-
;:;tantial iron pickup should be anticipated. Under 
full lam inar flow rates the development of sub-
:-;tantial iron concentrations within the thick lam-
inar flo"· laye r adjacent to the "·all produces ex-
cess iYe red 1rnter complaints \\·hen su rges of flo\\· to 
higher Yelocities destroy the f!o\\· stru cture and 
introduce the iron into the main body of the flo\\·-
ing 1rnter in the system. 
From the vim1·point of chemical treatment for 
sequestration, or for coating the pipe wall, it is 
apparent that the slowly moving water will be 
deficient in polyphosphate as 1rell as in the coating 
agent. 
Considering the turbulent f1011· profile the figure 
indicates that the majo r Yolume of flow is insulated 
fron1 the boundary of the pipe L>:-' a relatiwl:-- thin 
laminar film. In this case, the iron pickup is re-
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stricted to the thin laminar film, and the major 
Yolume of flow will not experience a significant in-
crease in iron content. Iron pickup will occur in 
the laminar layer, but this is a very small portion 
of the total flow. With chemical treatment for con-
trol of iron pickup, the key to the problem lies in 
the rate of diffusion of the treatment chemicals 
across the thickness of the slow moving water layer. 
Under turbulent flow conditions, the laminar flow 
layer i thin and the diffu ion path is short, thus 
encouraging the rapid continuous transfer of the 
cquestering or the coating agent to the pipe wall. 
THE HAMMOND SITUATION 
A tudy has recently been completed regarding 
the occurrence of red water in the water distribu-
tion system of a small town in central Illinois. The 
town of Hammond , with a population of about 400 
persons, is a farming community without industry 
but with some residential area devoted to homes 
for individuals working in nearby, but not local, 
industrial developments. 
Raw water is obtained from wells founded in a 
fairly shallow glacial drift. In 1957 the demand 
for water was at the rate of about 11,220 gallons 
per day, or less than 30 gallons per capita. The 
well pumps were capable of delivering the required 
volume in about 30 minutes. After treatment, f1011 · 
"'a delivered to a 50,000-gallon capacity elevated 
steel tank. 
Treatment included aeration for removal of 
hydrogen sulfide and methane, oxidation of iron , 
prechlorination, fi ltration, and oftening to reduce 
the hardness from 375 to 95 mg/ I. The system was 
in ta!led in 1935 and consistently produced a fin -
ished water low in hardness; without taste, odor, or 
color; and of excellent sanitary quality. 
De pite the treatment proce s, and the flu shing 
of mains within the capability of the 50,000-gallon 
elevated tank, red water plagued the system from 
the outset. During 1955 and 1956, water samples 
from the distribution system showed iron concen-
trations as large as 4.6 and 7.5 mg/ I. 
As shown in Figure 2, the Hammond system 
consists of a 6-inch diameter peripheral loop with 
internal distributors 4 inches in diameter. All of 
the pipe is cast iron. The topography is flat and 
all mains are virtually level. Analysis of flow dis-
tribution in the system, using the Darcy equation 
and Moody diagram because of the low velocitic~, 
deYeloped that the mean flow time to the most re-
Table 2 
Recirculation Data 
H ccirc11- i\ l ax. Travel Rccl11 ct io n in 
lation System Time• Travel Tim e 
Rate Velocity 
~ Ft. per sec. - 1- f -,.. - H r. % 
0 0 .04.5 6.5. l 
2.5 0 .216 13 .6 41 . ,, (i4 
:)0 1 .31 8 . 2 .56 .9 87 
l .50 3 . 82 3.5 61 .4 94 
•To southwest corne r of system 
Volu1n c 
Recircu-
lated 
~
20,400 
24,600 
31,500 
mote point of the main system was 163 hours or 
7 days. The maximum average velocity \ms 0.045 
foot per second and the pressure drop was less than 
0.005 foot. Take-off flows and travel times to vari-
ous points in the system are indicated in Figure 2. 
Comparison of calculated flow times with the 
record of red water complaints showed that if the 
computed travel time was in excess of 40 hours an 
objectionable deterioration of water quality should 
be anticipated. 
In an effort to increase water qua lity by recir-
culation , or by increasing the velocity of flow, sev-
eral flow distribution analyses were completed . 
As indicated in Figure 3, a return line to the 
treatment plant was assumed to exist at the north 
end of the system and a valve was closed to cause 
clockwise circulation in the sys tem. 
When the recircu lation rate was as,.; ullled to be 
50 gpm the travel time to the soutlmc~t corner of 
the system was reduced from 65.1 to 8.2 hours. 
Simi lar reductions in travel time for other points in 
the system may be noted by comparing Figures 2 
and 3. 
Similar calculations ·were performed for recircu-
lation rates of 25 and 150 gprn. The resu lts of these 
calculations are summarized in Table 2. 
A plot of the travel time and recircu lation rate 
data is presented as Figure 4. From this curve it 
is noted that the travel time to the southwest corner 
of the ystern may be reduced to Jess than 40 hours 
if the recirculation rate is only about 5 gpm. 
Based on the preceding calculations it appears 
that minimal rates of recirculation would result in 
eliminating the deterioration of water quality 
which was experienced by the utility. 
Substantial experimental work was undertaken 
in the field to correlate the reduction of iron in the 
ystcrn with different rates of recirculation, valving 
of the system, and chemical treatment. The fina l 
schedu le of operation included 6 hours of recircula-
tion per day at the rate of 31 gpm, the addition 
of 20 mg/ I of sodium hydroxide to the finished 
water at the plant and 8 mg/ I to the recircu lated 
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figure 4. Water distribution system analysis; Ha mmond, Illinois: 
Recirculat ion e ffi ciency curve 
flo\Y , and the addition of 2.7 mg/ I of chlorine to the 
fini hed water and 2.0 mg/ l to the recirculated 
water. The cost of scheduled operation was $12 
per month for chemicals and le s than $1 per month 
for recirculation costs. It is interesting to note that 
the demand increased from 11,220 gpd when the 
tudy began to about 18,000 gpd when the final 
schedule of operation was developed. 
CONCLUSIONS 
Two major factors appear to be important in 
determining the quality of water in a small town 
distribution system for any given quality water 
leaving the treatment plant. 
The first and most important of these items is 
the relation between pipe ize and the demand for 
water. It is apparent that a 6-inch diameter pipe 
with a low demand will cau e red-water trouble 
through iron pickup and quality deterioration while 
at a high demand rate the same pipe with the same 
"·ater would not cause trouble. The reason is that 
during the low demand period, low flow velocities 
exist in the pipe and sufficient contact time is pro-
vided for substantial iron pickup. When turbulent 
flow exists in the distribution system, or when the 
flow rate is high, most of the water moving through 
the system is not in contact with the pipe wall, 
because of the insulating effect of the laminar 
boundary layer. Also, with turbulent flows, the 
effectiveness of chemical treatment is greatly en-
hanced to prevent any iron pickup. 
A second factor which contributes to the devel-
opment of the red water problem is the elevated 
tank. For optimum conditions of \rnter quality the 
tank should be situated away from the treatment 
p lant, preferably with the load center located be-
tween the plant and the elevated tank. It appear~ 
that the elevated tank should be of relatively snrnll 
capacity with ground or distribution storage being 
provided to satisfy the storage requirements of fire 
flows. The increasing availability of excellent me-
chanical equipment in the form of booster pumps, 
sen ing equipment, and flow controllers indicates 
that it may no longer be necessary or desirable to 
maintain the bulk of the fire storage in the elevated 
tank. It should be recognized that regard less of the 
location of the tank, unless the treatment plant 
discharges directly into the tank and not into the 
system, most of the 1rntcr in the tank is riding on 
the line and does not change from day to clay or 
possibly from week to week. 
Two considerations arc probably responsible for 
the development of an ovcrdc igncd system. First, 
major reliance is placed upon fire flow criteria for 
the determination of pipe and elevated tank sizes. 
Fire demand is extremely large when compared 
with normal demands, even during periods of peak 
flo\\' , in small town distribution systems. Conse-
quently, if the designer pro,·idcs a main size which 
is capable of dclinring the fire flow he is courting 
problems of quality deterioration. Secondly, cur-
rcn t practice often anticipates a considerable 
growth of population which never materializes. 
Again, the result is oyersizcd mains and possible 
problems of quality deterioration. 
It is suggested that, in the case of small towns 
in particular, the designer must accord equal atten -
tion to fire flows and \rnter quality. 
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EFFECTS OF POOR CIRCULATION IN LARGE WATER DISTRIBUTION SYSTEMS 
.f OSEPH J. ROSSBACH, .JR. 1 
It is reasonable to presume that the effects of 
poor circulation in a large system are somc,,·hat the 
ame a those in any system, with the difference 
only in proportion. If poor circulation is not cor-
rected, t he ultimate result is a degrading of the 
water quality in the system. This, in my opinion, 
is inevitable. 
One can not talk about the effects of poor cir-
culation without discussing, or at least mentioning, 
the water plant product or, in some systems water 
plant products of the past. The quality of '~ater of 
the past is generally hard to establish. Even if 
pa t records are available, it is impossible to run 
laboratory tests of water t hat has already been 
consumed by the customers. Therefore, it is as-
umed that in discussing effects of poor circulation 
in any system it must be presupposed that all ef-
forts have been made to supply to a system an 
excellent quality of water that is stable and has the 
characteristics that do not aggravate t he system 
through which it is to flow. This is a basic premise. 
The environment t hrough which this water flows 
then become the subj ect of our discussion. 
If all systems had piping which had been ex-
tremely well designed, with no dead ends or dead 
loops, or had piping that wa adequately lined with 
a noncorrosive, nonleaching material, and had pip-
ing on which a constant load was always imposed 
and had always contained the highest quality wa-
ter, there would be no subj ect for discu ion. How-
ever, the brutal fact remains that no such system 
exists today and every detail of variance from t he 
ideal makes the problems of ,,·ater quality in the 
system more perplexing. 
These variations from the ideal arc what I 
would like to discuss. Since my job with the Metro-
politan Utilities District basically is an operating 
job, I would like to point out how these variations 
from the ideal affect the man operating a water 
distribution system. H e is generally faced with a 
. 
1 Superintendent of ' Valer Distribution, ~1 etropolitan Utilities Dis-
trict , Omaha, Nebraska. 
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s~·stem that inherently is not conducive to good 
wate r quality. There are several reasons fo r this. 
(1) A water system of the past and of today is 
basically designed for fire flow. 
(2) Dead ends are sometimes permitted or even 
fostered by orne main extension policy. 
(3) Gridded systems become dead loops. 
( 4) Some lines in the water system arc designed 
for reverse flow for continuity of service. 
Let us now discuss t hese points and examine 
briefl y how these common design elements contrib-
ute to poor circulat ion in a water system. 
Because of the role placed on the \Yater system 
of a modern city for fire protection, the system is 
primarily designed for fire flows, instead of for 
domestic or commercial flows. A large percentage 
of points out of a total fo r t he complete NFBU 
rating of a city are assigned the city 's water sup-
ply. Cities that rate poorly in this matter contrib-
ute greatly to increased fire insuran ce rates. Con-
sequently, most designers arc conscious of this fact 
in their design. 
Modern fire pumper uni ts are capable of pump-
ing 850 to 1,000 gallons a minute from a fire hv-
drant. Most fire departments are beginning .to 
want the amount they are capable of pumping. In 
modern design of water distribution s_\·stems, six-
inch minimum-size mains arc being replaced by 
eight-inch and t \Yelvc-inch minimums to provide 
heavy grids to support the desired fire flows. The 
developers of new subdivisions are changing from 
the old square block of a tenth- to a twelfth-mile 
square to long sweeping streets withou t cross streets, 
leading to semi thorough fares \Yhich reduce traffic 
in these suburban wonderlands. The designer still 
must provide adequate fire protection in these, as 
in a well-gridded area, and must compensate with 
larger mains to feed the thirsty fire hydrants. 
The domestic flows required to supply water to 
the customers in residenti al and suburban areas fall 
far below the fire requirements. In a simple study 
made in 1960 in our system, consumption was re-
corded from IBM meter reading in a purely res i-
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dent ia l area. Along with t his, accurate customer 
counts were made. From t hese data and other data 
from our pumping stations for peak demand hours, 
we found that the average peak hour consumption 
was a low as one-third to one-half gallon per min-
ute per household. This is low compared to t he old 
rule of t humb of one to one and one-half gallons 
per minute peak hour consumpt ion. These peak 
demand flow fa ll far below the fire demands fo r 
the ame areas of the system. When t he fi re fl o" ·s 
a re compared to non-peak hour consumption, " 'hi rh 
a re a la rge number of small inte rmittent demands 
required by each household , or when compared to 
the eight - or nine-hour period between 10: 00 p.rn. 
and 7 :00 a .m. of vir tually no fl ow, the ratio of 
flo ws becomes even greater. These small domestic 
flows in pipes designed fo r fi re fl o\\·s t hen resul t in 
a condit ion of poor circul ation t hroughout the sys-
tem. T hese are what I would like to refe r to as 
dead loop . Experience has shown us that t here 
are a reas in our system where adequately gridded 
sy tern exist between adequate feeder mains in 
which t here is very little fl ow under ordinary cir-
cumstances. How often do we realize when looking 
over a system th at there arc no flow condi tions in 
areas where there is no demand? We more often 
think of a system as constantly fl owing. 
T ake, for instance, a six-inch main, thirteen 
hundred feet long between t wo eight -inch feeder 
main . If sixty-foot lots are assumed, t here " ·ould 
be approximately for ty customers along t his line 
in a residentia l area. If our one-half ga llon per 
minute per customer is assumed, t here would be a 
demand of twenty gallons p r minu te for the whole 
main or ten gallons per minute from each end 
under peak conditions. E ven if we were to use the 
old rule of thumb of one and one-h alf gallons per 
minute per customer we would have a demand of 
only sixty gallons per minu te, or thirty gallons 
from each end. This means that under peak de-
mand condit ions the velocity in the six-inch pipe at 
the point of take-off from t he feeder main is only 
.34 feet per second. As the wat er moves a long the 
main t he demand decreases as each customer is 
served, so that near the cen ter of the main is 
virtually a dead end and practically no velocity. 
T he retent ion t ime of water in t he main based on 
average velocity becomes eventy-two minutes 
under peak flow condi tions. This problem is mag-
nified in t he long reaches of the newer subdivision 
developments. 
Th e most habitual offender for poor circulation 
is t he dead encl. The dead end is readily recognized 
and in most cities is dealt with properly . The same 
situation exi sts in a dead encl t hat exists in one 
ha lf of a dead loop, except that there is no ch ance 
fo r circul ation. This can only be dealt with by 
fl ushing in one " ·ay or another. Consequently, t he 
opera tor is again faced " ·i th long retention times. 
Th ese retention t imes in a sy tern are increased 
b,\· the ni ghtly periods of nonuse, as poin ted out 
befo re, and arc natura ll.\· extended b,\· the size of 
the s_\'s tem and the cli~tan ccs from t he plant. Bc-
rnuse of less demand , many points close to the 
pl ant ma.\' be further nway in tim c-cli ~ tan ce th an 
more remote poin ts in the system. 
T o ro pe fully wi th such a problem the operator 
~ h o uld be nblc to determine t hese time-distances. 
T lie pr2sent methods of computing these, even wit h 
an electronic compu ter , become overwhelming in n 
large R_\'stem. It is the author 's belief t hat some 
\Hty of determining these time-distances in a large 
system on a p racti cal basis would be Yery worth-
\\·hilc to t he operator. Some rough estimates of 
these times for water to reach remote parts of our 
S,\'Stcm were accidentally discovered by performing 
polyphosphate determin ations of distribu tion sam-
pl es. H O\Ycver, a better method is needed. P erh aps 
n nontoxi c tracer could be used . It is hoped that 
eventually someone will arri ve at a fa irly reliabl e 
and p ractical method of dete rmining retent ion time 
in various par ts of a system so t hat in t he fu ture 
an opera to r can base his opcralions on such results. 
E ven the best of water can be bottled up only 
so long; then it begins to lose its fine quality. The 
c1wironment in whi ch its exists is an importan t 
facto r in its enduring quali ty . As the water flows 
from the plant to t he remote ends of t he system 
under normal demand conditions, it hurries along 
the large t runk mains, t hen ft o" ·s to the smaller 
feed mains, and there moYcs in to the vast network 
of d istribut ion mains as wntcr in a main stem riYer 
mo\'Cs in to the quiescent pond of t he backwater of 
a clam. All along its way it t ravels t hrough a vary-
in g environment. It may be in trodu ced to products 
of corrosion or soil bacteria; to deposits of precipi-
tated chemicals, such as a lum, magnesium, carbo-
nates; or to just plain dirt. vVhcn this water is 
sent from t he pumps at the plant, a ll of its char-
acteristi cs arc carefully in ba lance. In its fury to 
reach a customer demanding an abnormal amoun t 
omewhcre in t he s~·stcm , it may pick up some of 
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these foreign ma teria ls and carry them a long until 
the demand is sati sfi ed, at wh ich t ime the 1Yatc r 
quickly loses its velocity, and deposits thi s mate-
ri al a t another corner of t he system. This mate ria l 
provides a new a tmosph ere in this pa rt of the s ~·s ­
tem. During t he quiet times t he 1rn tcr react,,; ll'i th 
it new environment and loses its origin a l ll'ell-
established, well-gua rded qua li t ies. 
Trouble may start wi th an insignifica nt change 
in pH when the water absorbs t he products of cor-
rosion. Or it may cool down a li t tle in th e rn mmer. 
a ffect ing its tabili ty . Thus, the never ending ch a in 
sta rts in the deterioration of wa ter qua lity. Th eRc 
changes, if based on chemica l ac tion , genera lly take 
place faster in summer. Th e summer a lso is th e 
time of peak demands and t hus there is more op-
portunity to stir up t he system. 
Perhaps t he greatest offender in most s~·stcms is 
iron oxide. Our system is an excellent example. 
There is no iron in t he source, yet in a few of the 
more poorly circulated points, t ests have shown as 
much as 10 to 15 mg/ I of iron. This was fl occulent 
iron resulting from the corrosion of cast iron. Al-
though they do no t admit it, many cit ies have reel 
water problems. However, in t heir own back yard 
they are faced with t hese problems and t ry to do 
wh at they can about them. 
There a re add it ional color sy mbols that mani-
fes t water-qua lity change. Some may ha ,·e 1Yhitc, 
green , blue, or even black water, bu t wh atever t he 
color symbol , t hese changes probably resul t from 
too long an exposure of perh aps originally good 
quality water, in a ystem environment that is fa r 
from ideal. It happens in th e best of systems. 
Granted th at un a tisfactory condit ions exist -
namely, poor circul ation, water quality degradation 
by system environment, or conditions existing from 
t he past - what steps can an operator take to a l-
leviate these problems t hat genera lly mani fest 
themselves in t he classic series of events of loss in 
water qua lity, co rro ion, tuberculation , loss of ca-
pacity, and customer complaints, a long wi th th e 
cringing knowledge wi thin the soul of t he opera tor 
that these conditions exist? In some cases they a rc 
put aside with t he th ought th a t maybe th ey wi ll 
go away . However , when the operator faces reali ty , 
he realizes the problem is his and t hat something 
must be clone. 
The remedies can be divided into t wo catego-
ri es : permanent solu t ions and tempora ry stopgaps. 
But before cures can be offered, t he disease must 
be diagnosed . Thi ::; alone can take rn any months 
of concentrated \\'Ork . During this period , the ut il-
ity operator begins to know lii s system. H e mu,; t 
ask himself many que: tions, f' UCh a::< : v\ihcrc do 
the conditions exist ? ' Vhy do t hey exist, how fre -
quent ly, and on 11·hat occasions? Only 11·hcn th c~c 
questions a re ans11·e rcd can a cure be prescribed . 
An investigation may take many fo rms, fo r ex-
ample: exh austiYc chemi ca l dcte rn1in at ion" and 
chemi cal ana lys is of wate r from t he ,-y:::tem, exami-
nation of sca les from tapping co upons, colored pho-
tograph s at cut-in locations, or test pipe t hrough-
ou t the system. Often an educationa l progra111 to 
make construction cre1rs :0emi t rained ob:-e n ·c' r,; of 
cxi ~ tin g conditions in the S)' ::>tcm piping help,; 
gather in forma tion. Of course, ca reful sc ru t in y of 
the \rnter flowin g from the pl ant is a ilrny::; nccc~­
sary. Very often , outs ide a ids can help foc us at-
tention on t he fo rest and still leaYc the t ree~ stand-
ing. These ou tside a id can a lso proYidc frc:>h id ea~ 
about the prob lem. 
In our system 11·c a re in a period of inYestiga-
t ion. By t hese invcs tigati1·c efforts \\'C hope to i111-
provc wa ter qua lity in our system . ::\Iany thin g;;; 
have been clone and man:' remain t o be cl one. Th e 
one thing th at has been cl one, that can be con ~ i d ­
ercd a t emporary stopgap , is an cxten:0 i1·e flu shing 
program. The many dead ends are thoroughly 
flu shed abou t every t wcnty-fi , ·e to t hirty -fiyc days 
from April to October. Our 1Yatc r tempera ture ya r-
ics from t hirty-t hree degrees to eighty -eight de-
grees. Thus, wh en an ticipated ch emi cal act ion is 
grea tes t because of warm wa ter t emperature, th e 
flushing program is mos t active. I n addition to 
th e:-e operat ions, periodical flu shing programs in 
low- fl ow a reas arc accomplished in an at tempt to 
continue t he flmy of good quali ty \rntcr in to these 
a reas. Crews doing t he flushing reco rd the 1rntcr 
used in flushing and a l:::o determine iron conten t::: . 
This is done wi th pack aged pillmYs of chemi cal;;; to 
fix the effectiveness of flu shing operations. The 
cri teri a used for flu shing du ra tions arc 1011· iron 
contents. These p lanned flushing operations take 
into accoun t t erra in , hydran t sequence, and to ta l 
volume of th e lines flu shed, a ll of which a rc con-
sidered important in our program. L a::<t year 11·c 
per fo rmed 2,800 flu hing operations and used ow r 
24 million ga llons of water fo r t hese operation ~. 
ln some areas 11·hcrc conditions are pa rt icul a rl y 
bad, 11·c have fo und that cont inuous flushin g is the 
o n]~· solut ion to the problem. This f' till docs not 
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entirely remove t he cause of the trouble. Another 
operation that we feel is important in our attack is 
the handling of customer complaints. We fee l that 
the c complaints should generally be se ttled within 
an hour from the time the customer calls. Th e 
reason for this is that, with this kind of se rvice, " ·e 
fee l \Ye rebuild public relations that han been 
somc\Yhat reduced by the complaint and we also 
get at the cause for the complaint before it becomes 
untraceable. 
Other phases of our pre ent program arc many 
chemical determinations and te ts of the water in 
the system, such as, determinations for alkalinity, 
saturation index, iron , di ssolved oxygen, and tests 
fo r sulfate-reducing bacteria, as well as stati st ica l 
::;tudie:S for other bacteria in the s:·stcm. 
Scattered throughout the system, rno;; tly in t he 
area of poor circulation , are test-pipe sections that 
a re periodically observed and photographed. In 
add ition to this, coupons are saved and studied and 
a short-card form describing the internal condit ion 
of the mains is filled out by con truction and repair 
crews. This program has shown us that the mains 
laid in the 1920's and early 1930 's are the greatest 
offenders, as far as tuberculation is concerned . Ac-
cording to our records, we have about sixty miles 
of main in our system which fall in this category. 
Attempt have been made at specific chemical 
treatment for given sections of the system in order 
to provide a more durable remedy than flushing. 
In October of 1961 , an experimental process, fair!:· 
successful to date, was begun in t he system to clean 
the small mains and chemically coat the lines with 
a thin calcite lining b:· the McCauley pro ces~. 
Again this summer more line;; \\·ere cleaned and 
calcite lin ed with some sucee,;::;. Although there 
\\·e re disappointments in this field re,.;ca rch, we hope 
that this proce::;s can be used to line eurccsRfully 
the main ::; in a ~ ~·stern, thu" prnviding an economi-
cal and :·ct permanent so lu t ion to ::;o rne of the 
problems of poor circulation in a la rge ;;ystcm. 
Of cour::;e, ::;ome things haYc been done that 1Yill 
perm anent!:· improve t he 1rnter qu alitY in our ">·~ ­
te rn. On r the past fifteen :·ear", eYery majo r un-
lin ed pipe from 54 inch es do\\'11 to 20 in('hes has 
been lined in place with cement morta r . All pipe 
that has gone into the s:·stcm in the last t11·cnty 
:·car::; is also lined pipe. It iR not economical to line 
a ll the old pipe in the :;:·::;te1n, but progresR i;; being 
made. And, of cour;.:c, considera bl e prngress has 
been 1nadc in the pa::;t fc 11· years in the quality of 
11·ater going into our RyAern . :=-.Iany ;.:afcguarcb 
luwc been e::;tablished and bette r faciliti es ha Ye 
been built to meet the rapid!:· changing condition ::; 
of the rn11· \rnter from the l\Ii :::,,;ouri River. 
1 n the meantime, work 1Yill continue and im-
provements will be made until it can be a~surcd 
that the water reaching all customer taps is as bigh 
in qu ality as that lca,·ing the plant. Thi~ must be 
accomplished in spite of t he inherent poor circula-
t ion in the system. 
Though many of my examples refer to our s:·s-
tern , there a re many I am su re that grimly remind 
others of thei r systems. If th is paper docs nothing 
other t han a rouse an interest in what can be done 
about these matters it has accom plished its purpose. 
ACTINOMYCETES IN WATER DISTRIBUTION SYSTEMS 
J. K. G. SILVEY 1 
In recent years, con iderable interest has been 
expressed in the taste and odors in potable waters 
that have a musty, earthy, or woody taint, and 
which reduce water quality. Attention has been 
focused on the actinomycetes as the causative 
organisms in the production of these types of odor 
compounds. It is noteworthy that Rullman, Cl) over 
half a century ago, along with Beijerinckc2 > con-
cluded that many of the pungent odors described 
as earthy and which were detected in newly tilled 
soil arose from the actinomycetes growing in the 
fertile topsoil. Berthelot and Andrec 3 > concluded 
that the odors occurring in fresh water were very 
similar to those encountered in freshly plowed soil 
and probably were of actinomycetic ongm. 
Adams< 4 > cited the earthly tastes in potable waters 
that had been filtered from the Nile River, and 
suggested that they were due to the by-products of 
the actinomycetes growing adjacent to the shore-
line. Thaysen cs> noted the same intense earthv 
and woody odors in almon removed from certai~ 
streams in England, and in his investigations 
found that actinomycete odors or muddy taint 
were one and the same in origin; thus he concluded 
by experimentation that the organic compounds 
produced by these organisms had been absorbed by 
the gill membranes of the salmon, had penetrated 
the flesh, and had conveyed the same tastes and 
odors to the meat that occurred in water supplies. 
Issatchenko and Egorova<6 > observed odors in the 
Moscow River and concluded that these odorif-
erous compounds were produced by actinornycetcs, 
probably of soil origin, and had dissolved in the 
waters of the river, imparting earthy and woody 
taints that rendered the water unpalatable. Um-
breit and McCoyC7> did detailed studies on the 
occurrence of actinomycete spores in the bottom 
mud deposits of certain northern lakes. However, 
no mention in particular was made concerning the 
role of these organisms in the economy of the lake. 
In 1950 Silvey et al. cs> summarized a five-year 
1 Professor of Biology; Chairman, Division of Science, North Texas 
State University, D enton, Texas. · 
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investigation of reservoir in Texas and concluded 
that the major tastes and odors previously at-
tributed to algae were apparently clue to actino-
mycetes growing in the water, in mud, and on the 
aquatic vegetation and organic residues in or 
around reservoirs. Since that date, considerable 
field and laboratory work has been completed 
which indicates that the actinornycetes are of prime 
importance in producing the musty, woody, and 
earthy odors found in raw water as well as in 
potable water in areas where proper thermal con-
ditions and nutrients were available to support the 
gro\\th of these organisms. In England, ::'dacKcn-
zieC 9> and Taylor< 10 > have shown that actinomycctcs 
do create a problem under certain conditions in 
Great Britain in water supply distribution systems. 
Complaints of earthy, moldy, and musty tastes and 
odors arose from the growth of actinomycetes or 
of microfungi in the pipes inside buildings, particu-
larly under conditions where cold pipes ran along-
side hot water or steam pipes, or through basement 
boiler houses , or bake houses, especially where 
there \YaS little use of water at night or weekends 
and where the temperature rose above the critical 
point of 18° to 19°C for long periods. In all such 
cases, the taste problem arose only in the building. 
Samples taken from hydrants in the street were 
satisfactory. Furthermore, it occurred only in 
river-derived water, and not from deep chalk well 
water, indicating that some dissolved organic mat-
ter is necessary for growth of the organism. From 
time to time, papers concerned \Yith tastes and 
odors in potable water have made reference to the 
fact that the fi !tercel \\·atcr in the clear well "·as 
free of tastes or odor, but that samples collcctecl 
from parts of the distribution system had either a 
musty, woody, or earthy taint. Also, a few obser-
vations have made reference to the fact that as the 
distribution system extends further from the water 
plant, intensities of the odors may increase. It 
should be pointed out that all such citations have 
occurred during times when the temperature \Yas 
20°C or above, and most often when the water in 
the distribution system exceeded 25 °C. In areas 
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where the temperatures remained cold, there a rc 
few notations indicating the same difficulty in 
underground distribution system samples. 
Th e bacteriological examination of water sup-
plie has generally been directed largely toward 
the a sessment of the probability of pollution with 
materials that carry disease organisms, and, in 
pecial cases, toward the detection of causative 
organ isms of waterborne disea es. Its usefulness 
in the c respects continues to increase the intro-
duction of new methods, and it has now reached a 
stage where it is possible, not only to form an 
accurate opinion regarding the presence or absence 
of dangerous pollution, but also to estimate with 
some degree of accuracy the probable future con-
dition of a particular supply. Increasing attention, 
\Yhich has been given in recent years to the bio log~· 
of water upplies, was pointed generally to the 
desirability of investigating not only the bacteria 
and viru es of dangerous pollution, but also the 
great variety of organism which may be either 
washed into the reservoirs, rivers, or lakes from the 
surrounding terrain, which may grow along the 
border of the reservoir, which may reproduce in 
the mud, or which may, in addition, flouri sh in the 
waters of the lake or reservoir itself. As these 
tudies have progressed, continuous emphasis has 
been placed on the organisms that contribute 
ta tes and odors to water supply. It has not been 
difficult to explain that certain types of algae or 
microfauna may be responsible for fishy, putresci-
ble, pigpen, cucumber, or other types of tastes and 
odors, particularly if the tastes and odors arose 
at the same time there was a bloom of one of the 
organi ms in question. In many instances these 
types of flora and fauna have been reared under 
laboratory conditions and continued to produce the 
ta te and odor with which they were originally 
associated. This is particularly true where uni-
specific cultures have been studied in great detail, 
as shown by Palmer<11 > and by Provasoli.0 2 > It 
would be anticipated that almost any type of 
organism growing in water would produce metabo-
lites which would, in turn, give rise to organic 
compounds that might elicit an odor or a taste 
when consumed by man. There bas, however, been 
some question concerning the origin of the musty, 
woody, and earthy taints that occur in water sup-
plie . It is generally agreed that these organic 
compounds are the product of the metabolism of 
the actinomycetes. There is some question by 
different inve;;;tigators concerning the ongrn and 
idcntit)· of the type of actinomycctc responsib le 
for the taRtcs and odors. Certain inves tigators fee l 
that the terrestria l forms contribute the odor com-
ponent::;, whi le other investigators feel that the 
major contributors arc actinomycctcs that arc 
natura l to an aquatic environment. As the fi eld 
and laboratory innstigations continue, th e,;c ques-
tions \\·ill be ultimately solved. In the meantime, 
the pota bility of water becomes a more important 
i,;::;uc, since the quality is unquestion able. The 
unfortun ate superintendent of water \\'orks is cer-
tain to have a very distinct and unpleasant prob lem 
on his hands. 
It i. perhaps desirable to give the reader some 
idea of the genera l conditions under \\·hich the 
art inomycetes may gro\\", an introduction into their 
genera lized structure, and a brief description of 
their isolation and general gro\\·th characteri stics. 
The actinomycetes are considered to represent an 
intermediate stage between the bacteria and the 
filamentous fungi, and, therefore, may be confused 
with one or the other types of organisms. They 
were obscure forms until they became highly im-
portant in the production of certain antibiotics 
and were, therefore, largely of academic interest 
only. Today they have assumed an important 
place in medical science, and considerable research 
has been directed toward understanding the mech-
ani ms of their metabo lic activity. In general, 
the actinomycetes are saprophytic forms that 
flourish under many variable conditions found in 
so il , fresh water , and salt water. The soil-inhabiting 
species have been studied in great detail. This 
investigation has been stimulated, to a certain 
extent, by the fact that they have considerable 
economic importance. In these forms, one may 
observe that the morphological characteristics em-
ployed to designate genera have been based almost 
entirely on the formation of pores in a mature 
mycclium . Thus, the members of the gen us Strep-
tomyce1:; produce chain spo res, whi le those belong-
ing to the genus .Micromono1>pora produce terminal 
spores occurring either sing ly, or, at time, in 
cluste rs. The third group of saprophytic actino-
mycctcs belong to the genus N ocardia which do not 
produce conidia and seldom arc found with any 
of the small filaments extending above the surface 
of a growth medium (Figure 1). The sources of 
nu tr ition for these saprophytic forms may be a 
large assem blage of organic mate rials containing 
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Figure l. Characteristics al three genera 
ol saprophytic actinomycetes 
carbon, nitrogen, and small quantities of phos-
phates of various varieties, either organic or 
inorganic in nature. The rate of growth of the 
actinomycetes is in part dependent upon the tem-
perature or thermal conditions. Growth normally 
begins at around 7° to 8°C, but makes very little 
progress until after a temperature of 20° is ob-
tained. From here the growth rate is very rapid 
up through 33° or 34°C at which point it begins to 
diminish slightly, and when 41 °C is reached, 
growth diminishes abruptly (Figure 2). Thus we 
can ee by the thermal relationships that these 
organisms are more important in regions of high 
temperature than in zones that are continuously 
cold. The aquatic forms of t he actinomycetcs ap-
parently are mutants from the soil forms, since 
they possess characteristics of both the Strepto-
myces and Micromonospora, depending upon the 
type of nutrition and the organic matter available 
for growth. It is interesting to note that the 
adaptations which the aquatic forms have made 
permit them to grow in multitudes of cm·ironmcnts. 
Rinre !"pores are necessari ly the intermediate stage 
Figure 2. Effect ol temperature o n growth ol actinomycetes 
in the production of the aq uatic actinornyrete~. 
we note that on ge rmination very small fi lament::; 
arc formed, which are referred to as hyphae, and 
under normal conditions of growth the hyphac \\·ill 
unite or fuse , rn as to give ri se to a Yery finely 
:::pread mat, referred to as the primar~· mycelium. 
At each point of union or fusion, there is normally 
a small projection produced that may, under 
optimum conditions, give rise to additional gro\\"th. 
The additional growth produced at each point of 
fusion results in the production of larger filament" 
or hyphae, so that the development from the pri-
mary stage results in larger groups of branching 
hyphae, known as the secondary mycelium (Figure 
3). In reality , the secondary mycelium may grow 
and completely enshroud the primary, increa:;ing 
in size in submerged cultures to five or six milli-
meter spheri cal colonies resembling small fluffy 
balls. Color may begin to be imparted from the 
growth of the actinomycctc to the medium in 
which it is developing. If the medium is clear, 
genera lly a light yellow color is elaborated by the 
secondary mycelium, indicating it is in the procc:;s 
of forming spores. As long as it is submerged, the 
spore formation is u:oually lateral. If and \Yhcn 
the mycelium reaches the surface, it will produce 
aerial hyphac that grow above the medium and 
which will produce chain spores under normal 
conditions. There are two situations in which the 
odor components ma? be formed. While the sec-
ondary mycelium is in the process of deYcloping 
and as pigmentation is elaborated into the medium. 
odor components appear in the fluid medium. The 
solubi li ty of these compounds in water is rPlatinlY 
lmY - somet hing on thr basis of 1 per rrnt . Thu~ 
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Figure 3. Chara cteristic stages in the develop mental history 
of an aquatic act inomyce fe 
the odor compounds pass as vapors fro m the fl uid 
medium into t he atmo pherc. This is why, when 
water i liberated from a hydrant containing odors, 
the compounds u ually arc detectable by t he 
olfactory sense before the water is consumed. Th e 
odors first to appear in the submerged stage of 
growth might be described as swampy or marsh>-. 
They are rather pungen t, and unde r normal concli-
tions will increase when expo eel to free avail abl e 
ch lorine, giv ing rise to chloro-dcrivatives that a rc 
rather repulsive and which a rc subj ect to degen -
eration if t hey are heated to a temperature of 80 °C. 
As t he quantity of pigmentation is in creased, t he 
quantity of odor is also increased, bu t th e quality 
is very frequently changed. It alters from a 
marshy to a musty and frequently in to a woody 
type of odor. The woody type of odor is very 
obnoxious and equally difficul t to handle in a ' rntc r 
plant, due to its affini ty to fo rm stable chl oro-
clerivatives that are not subj ect to rapid adsorp tion 
or oxidation. These compounds a rc a lso relatin l» 
unstable at higher temperatures (82°C) as t hey 
Table 1 
Raw C hlo- D ist. Dist. D ist. 
Water rinatcd System System System 
F il tered R apid S!O\\" D ead 
\\ Tater Flow Flow E nds 
T hreshold odo r 4 7 7 14 3 
Acti no coun t 220 24 l6 120 180 
T emp 11,0 26.5° 27° 27° 27 .6° 27 .5° 
p l( 8 . 6 J0 .6 10 . 2 9.4 9. 0 
Associated Aphani- gram .- ncg. gram.-ncp:. gra rn .-ncg. Bacillus 
organisms zomenon hctero- hctero- hctcro- cereus 
Anabaena trophs t rop hs trophs 
J"usarium Fusarium 
Cephalo-
dochium, 
Raw C hlo- Dist. Dist. Dist. 
\\'ater r inated System System System 
F il tered Rapid Slow Dead 
\ \Tater Flow Flow E nds 
Threshold odor 10 22 24 40 80 
Actino cou nt 160, 000 ll , 000 .J ,600 135 ,000 180 ,000 
T emp lhO r o 26° 27° 28° 30° ., 
p l[ 5.2 7 .3 7 .2 7 . 0 6.8 
Associated gra 111 .-neg. gram.- neg. gram.-ncg. Phormi- P hormi-
organ is ins hetero- hetero- hctcro- di um di um 
trop hs trophs t rop hs gram .- neg. g ra 111 .-neg. 
gree n Vusarium hetero- hctcro-
algae 7'ubercu- trophs t rophs 
laris /•'usariu'm Fusarium 
Cephalo- Cephalo-
dochium dochium, 
Tubercu-
laris 
a rc subj ect to cyclizing, which changes their 
molecular fi gura tion so that chemical analy:::es by 
ro rnmon methods such as distill ation and cleriva-
ti vc fo rm ation arc not succcs ful procedures. If 
and wh en the rnycelium ultima tely develops into a 
;;tatc of chain sporul ation, it may frequently give 
ri se to ea rthy odors in addi tion to woody odors. 
We mu:;t admit that this situation exists more 
commonly \\·hen the hyph ae or the mycelium be-
comes aerial. F or example, ,,.c ,,·ould natmall» 
suppose that in ri vers and re effoirs, earthy odor,; 
,,.o tdd develop more frequently than they would 
deYclop in distribu tion systems, clue to the fact 
that it would be difficul t to obtain an aerial posi-
tion in side a distribution system. W c should point 
out, however, th at odors th at arc ea rthy in nature 
\\"hen they ente r a dist ribu t ion sys tem may chem-
ically a lter due either to storage, cxposm c, or to 
additional organi c compounds. If a \\·atcr \\·ith 
earthy odors goes in to a dead end in a distribu tion 
system and is stored fo r a period of a \Ycek or t \\"o 
,,·ithout use, it is likely that the odors will return 
to a \\"Oody condition. This is a molecular ch ange 
in the configura tion of the a rom ati c amines th at 
a rc dccyclizing in the distr ibution sys tem, probably 
due to th e bacte rial degrada tion. If the \rntcr is 
permi t ted to stand long enough in the distribution 
s ~·stcm , and fc,,. actinomyce tcs arc gro\\"ing, it is 
likely that bacteria l degradation will go to com-
pletion so t hat no tastes and odors a re available 
(T able 1). Th e t ime inrnlvccl in th is instance ma» 
be relatively short, depending upon temperature. 
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If temperatures are as high a 25 °C in the distribu-
tion system, it is likely that the gram-positive, 
spore-forming bacilli will degrade the odor com-
pounds in a period of five clays (Table 1). If 
temperatures are lower, this period is cxtcndable 
and will be dependent upon temperature. If the 
temperature is as low as 16 °C, there \YOUld prob-
ab ly be very little if any degradation of the 
compounds. 
During the past ten years, rather detailed 
studies have been made on distribution systems 
during times when taste and odor compound ,,·ere 
available in the tap water. These investigations 
have involved geographical a reas in which the 
temperature of the tap water was from 23 ° to 27 °C, 
especially during the months of .July, August, and 
September. There are numerous methods by \Yhich 
studies may be accomplished on distribution sys-
tems, but undoubtedly the easiest and best system 
is to employ routine bacteriological techniques that 
are involved in the collection of samples. The size 
of the sample usually collected is 300 milliliters 
placed in sterile bottles and returned to the labora-
tory for general plating techniques. Numerous 
types of isolation media may be involved in studies 
or investigations on distribution samples. Recently 
Safferman and Morris<1 3 > have contribu ted a tech-
nical report entitled "A Method for the Isolation 
and Enumeration of Actinornycctes Related to 
Water Supplies." The method described in this 
report is precise and may be fo llo\YCd by an>· 
technician in a water plant. They have suggested 
two types of media that may be used in the 
isolation of the actinomycetes from water supplies. 
In our own instance, we are interested in obtaining 
a minimum number of bacteria with a maximum 
number of actinomycetes. Generally, our medium 
contains 10 gms. glucose, 10 gm;;:. sodium citrate, 
4 gms. ammonium nitrate, 2 gms. clipotassium 
phosphate, 2 gms. disoclium phosphate, 2 gms. 
calcium chloride, 0.1 gm. magnesium sulfate, .01 
gm. ferrous sulfate, .1 gm. aspariginc, and 15 to 20 
gms. agar per 1000 ml. of medium.< 1•> We suggest 
this isolation medium because it does not tend to 
grow many bacteria. The amount of inoculum 
added to each plate from the water samp le is 1/:! 
ml., usually added while the agar is still warm, and 
normally mixed well with the warm agar so as to 
obtain rather rapid growth. If the technician so 
desires, he may add actidionc in order to suppress 
the growth of fungi. We have found that it sup-
presses the gro\Yth of actinomycetes to the extent 
that counts may be erratic. In add ition, we are 
interested a lso in the microfungi, since they have 
been shown by Taylor< 10 > to contribute musty 
odors, a lthough the odors do not definitely in-
crease upon ch lorination. Since the actinomycctes, 
whether they arc soil or aquatic in origin, have a 
very slow rate of growth , it is generally necessary 
to leave the plates for a period of fi vc to seven 
clays before attempting to make a count. Tt is de-
sirable to always maintain plates for a minimum 
of 14 days before final counts a re made. It is 
interesting to note that in enumeration of actino-
mycetcs, we a rc not necessarily depending upon 
spores for growth. Any part of a hyphal clement, 
either primary or secondary, may result in the 
gro\Yth of a complete actinom>·cctc colony. There-
fore, \Yhen colony counts arc quoted they may 
represent any stage or structure of an actinomyccte 
that is capab le of producing hyph ae. The question 
generally arises in the mind of the investigator, 
" If I find one actinomycete on a culture plate, does 
it indicate that the distribution system is actua lly 
supporting a growth of these organisms?" In our 
opinion, the number is too small to be of any par-
ticular importance. 'Ve generally assume that the 
count should consistently obtain at least 20 per ml. 
before there is evidence of actual actinomycetic 
activity present in t he distribution system. In 
order to be accurate the samples shou ld be run in 
triplicate on a daily basis, and an average value 
established. The count is multiplied by two, since 
only % ml. of inocu lum was originally employed. 
To be accurate, it is desirable that dilutions be 
made at the same time, so ns to obtain as much 
information as possible. lf the labo ratory of a 
water plant is proper!>· equipped, and if technicians 
have adequate experience, it is fa r better to pre-
pare the liquid part of the medium, mix it com-
pletely, and run it through a Seitz or membrane 
filter, add ing it to warm, sterilized aga r. This 
produces much more rapid gro\\'th than mixing all 
the ingredient::; and then autoc lav ing them, since 
this practice reduces slightly t he quantity of glu-
cose. Also, the prncticc of cold sterilization mini-
mizes the quantities of calcium phosphate that 
precipitates in the solid medium. Both calcium and 
phosphorus arc required for complete development 
of all of the aquatic actinomycctcs in an artificia l 
medium. 
It is probably desirable to consider the inci-
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Table 2 
Raw Finished C lear 2 Miles -I J\l il cs 8 i\lilcH 
W ater Water Well from from from 
Plant Plant Plant 
Threshold odor 1 z z 10 JG 24 
Actino count 700 11 12 44 JOG 450 
T emp H20°C 26° 21° 27° 27.6° 28° 28° 
dence of distribution system contamination as it 
occurs in various parts of the country along with 
counts and attending thre hold odors. As a typical 
example, the data in Table 2 hows that a purifica-
tion plant was producing a finished water with a 
threshold odor of 2 and that the actinomycetc 
count in the raw water was 700 per ml. The dis-
tribution system two miles from the plant had an 
actinomycete count of 44 and a threshold odor of 
10. At four miles from the plant, the actinomycetc 
count was 106 and the threshold odor number \\·as 
16. 
It should be observed that the spores of the 
actinomycetes and the hyphal fragments are ex-
ceedingly mall and therefore capable of passing 
through most water plant filters. Spores and my-
celia produced by the aquatic forms grow in an 
aqueous medium and therefore submerge readily 
while those produced by the terrestrial forms ap-
parently have a hydrofuge surface and arc generally 
prone to fl.oat through a distribution system. Thus, 
it is apparent that the latter type rarely produce 
growth in pipes. Table 1 summarizes varying situa-
tions in distribution system contaminations show-
ing the thermal data, the chemical analysis of the 
"lrnter, and the conditions that contributed to actino-
mycete growth. We would suspect in most situa-
tions that the raw water would contain apparent 
threshold odors prior to the time that the potable 
water became contaminated with spores. This is 
not always the circumstance, but generally it oc-
curs after the water plant has solved most of its 
problem and the odors have diminished in raw 
\rnter so that they may be properly handled. Thus, 
after contamination, the di tribution system may 
continue to carry tastes and odors for a period of 
three weeks to three months depending upon the 
temperature and the bacterial population of the 
system. 
Di tribution system contamination is not re-
stricted to the South or the Southwest. It is rather 
common in the Middle West, particularly during 
periods when the water level in the lakes or rinrs 
is low and when higher temperatures prevail for a 
period of ix to eight weeks so that the temper-
ature of the tap water is 20°C or above. The 
greatest numbers of distribution system contamina-
tions were found in the summers of 1952, 1953, 
1954, and 1955, when the rainfall, and therefore, 
the river flows, were low in the West and South-
west. In 1956 and 1957 a similar situation of dis-
tribution system contaminations \\·as found in the 
Middle West and in eastern areas, particularly 
from Chesapeake Bay south. In 1958 it was rela-
tinly wet in that area and as a consequence the 
flows in the rivers were high and the quantity of 
actinomycetc growth " ·as reduced as were the 
tastes and odors from distribution systems. Again 
in 1960 flows in that area were relatively low and 
th rc hold odors were noticeable from distribution 
systems as well as from raw ·water. The same 
occurred in 1961. During the past summer, the 
odors were less intense. Thus, such contaminations 
become somewhat predictable when related to 
water flows, quantity of pollution, characteristics of 
the water, thermal conditions, and other situations 
over which man apparently has very little control. 
It has been observed that well water pumped 
through a distribution system under normal condi-
tions does not have adequate quantities of organic 
matter to furnish proper nutrition for the growth 
of actinomycetes. Rivers and reservoirs in par-
ticular normally have adequate quantities of 
organic matter, and in instances where softening 
plants are available, scales formed on the interior 
of the pipes during times of summer flo\YS form 
encrustations which have considerable quantities of 
organic matter. Analytical procedures in our labo-
ratory demonstrate that approximately 50 per cent 
of the scale may be organic in nature. Since the 
scale normally has adequate quantities of phos-
phate, we find the actinomycctcs usually a:::so-
ciatcd with other fungi , which are particularlv 
common in \Yater as well as the small growths of 
blue-green algae. The growths may occur on 
tuberculations, or they may be found in depression s 
between tuberculations. Growths also occur very 
commonly in dead ends and at unions between 
mains where there is an irregularity in the clcnt-
tion, due either to a slight seepage or a loss in the 
sand bed beneath the pipe encl. It is understand-
able that the quantity of actinomycetes growing 
in a distribution system may be dependent somc-
,,·hat on the amount and rate of water flow through 
the pipe. For example, in fast flows there will not 
be much grO\rth, but \Yherever the water flow slows 
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down in areas the growth becomes more dense; 
consequently, in small pipes radiating from the dis-
tribution system and having low water usage, the 
quantity of actinomycetes frequently increases, 
sometimes obtaining counts in excess of 100,000 
per ml., and threshold odors as great as 70. In 
cities that experience difficulty with reel water, par-
ticularly at dead ends, and which infrequently 
flush their fire hydrants, we have found a biological 
paradise as regard microorganisms on the interior 
of these mains. This applies especially to the 
actinomycetes 'vhich may gro\\' in those areas in 
accompaniment with various types of bacteria, 
with a special reference to the gram-positive, 
pore-forming group. 
METHODS OF CONTROL OF DISTRIBUTION 
SYSTEM CONTAMINATION 
Once finished water gains access to a distribu-
tion system, additional treatment is generally 
minimized. We assume that the addition of specific 
quantities of chlorine should take care of most 
emergencies. As a matter of fact, the minimum 
total available chlorine residual suggested by the 
Public Health Service assume that larger quan-
titie were originally present in the ,,·atcr prior to 
the time it flowed into the distribution ;:;ystcm. 
In most instances, however, organic matter dis-
solved or suspended in the water may bring about 
a reduction in chlorine residual at a more rapid 
rate than normal resulting in very Jo,,· concentra-
tions. This is especially true ,,·hen fragments or 
spores of the actinomycetes pas;:; through the filters 
and start growing in the clear well and distribution 
system. Studies on the effects of chlorine on spores 
and hyphal clements of the actinomycetes in the 
laboratory arc not as cone! usi vc as field experience 
in determining chlorine residuals necessary for com-
plete. eradication. For example, in certain distri -
bution systems in the Middle West, the total 
available chlorine one mile from the plant was .86 
mg/ I. When the water left the clear \\·e ll , it con-
tained 1.4 mg/ l total availab le chlorine, of which 1 
ppm was combined and .4 mg/ I was free available. 
One may speculate concerning the reason for the 
loss of chlorine in such a short distance, but in 
examining the distribution system, it was found 
that not only were actinomycetes available, but 
also gram-negative heterotropic bacteria embedded 
in the slimes produced by the growth of Phormid-
iwn. In a sample collected from a tap, the \Yater 
required a considerable period of rapid flo,,· before 
contaminants could be obtained, indicating that 
the microorgani ms were not free in the distribu-
tion system, but were rather well secured on the 
interior of the pipe. Since numerous varieties of 
true fungi \\'ere also isolated, it was assumed that 
they may be important in forming a den c mat 
that wou ld aid other organisms in remaining affixed 
to the pipe lining. For example, \\'C frequent!~· 
found an association of Fusariiun \\·ith actino-
m~·cctes, as well as with Tubercularis, actino-
mycctes, bacteria, and fragments of blue-green 
algae. (Table 1.) On other occasions ,,.c ha,·c 
found a fungus belonging to the genus Ccphalo-
dochiwn in samples of tap \\'atcr indicating that 
these organisms were relatiyc]y common. In addi-
tion , \\·c should not overlook the fact that fungi 
:;uch as Tub erculina and Botryosporium arc also 
a~sociated \\·ith deposits in a number of the dis-
tribution S)'~tcms . Apparent!>· these fungi arc more 
resistant to chlorine than the actinomycctcs, and 
in the association, as they existed in the pipe, they 
seemed to have a greater affinity for picking up the 
chlorine without damage so that the actinom)'cete;; 
continued their growth. 
It is possible to control the actinomycctcs in a 
distribution system with high chlorine rc;:;idual 
provided the populace consuming the \\'atcr will 
tolerate the high quantities of chlorine. It ha been 
our experience that the quantity of free aYailable 
chlorine essential for bringing about destruction of 
the spores or the primary and secondary rnycclia 
of the actinomycctcs is 1.2 mg/ I. If all of the total 
aYailablc chlorine exists as combined aYailable, 
nry high concentrations arc required depending 
upon the pH and temperature of the \\·a tcr. lt 
should be observed that different strains of actino-
mycctcs have varying resistance to the types and 
quantities of available residual chlorine. In labo-
ratory experiments, 'iYC haYc studied forms isolated 
from distribution systems and have sh0\\'11 that 
they could live in concentrations as high as 6 mg/ I. 
\Ve are not certain whether continuous exposure to 
chlorine induced resistance or if certain spores were 
more resistant than others and thus propagated the 
naturally resistant strains. It \\'ould seem, there-
fore, that the application of chlorine for the control 
of actinornycctc contaminations in distribution sys-
tems is not always successful. On a few occao;ions 
,,·hen on!~· chlorine \\·as aYailablc for control, \YC 
ACTI NOMYC ETES IN WATER DISTRIBUTION SYSTEMS 69 
have advised the public by means of t he press tha l 
high quant it ies of chlorine were essen t ia l fo r con-
trol of tastes and odors for a short period of time: 
usually 24 hours. In such instances, 6 or 7 mg/ I 
\\"ere added to t he fini shed wat er fo r approximately 
one day. Usua lly such episodes have passed wi th 
very few compli ca tions. In ot her instances where 
high quant it ies of chlorine have been applied wit h-
out any former advisement, t he situation, as you 
are well awa re, has not been a p art icula rly p leasan t 
one. It i de irable to be certain t hat a distribu-
tion system i contaminated before resort ing to 
practices t hat might prove unsuccessful. This is 
accomplished by doing plate counts from the clear 
n·ell and differen t p ar ts of the distribut ion system 
a nd noting t he quant ity of actinomycetcs that 
dcYelop. In addition , t hreshold odors should be 
run on each set of samples. If t he counts and t he 
th reshold odors increase in samples as one col-
lects progressively from t he water plant to t he 
distribu t ion y stem , it is likely t hat contamin ation 
does exist. If only counts or odors alone increase, i t 
should be concluded t hat a batch of water got 
through t he plant wit h improper trea tment. 
Chlorine dioxide may also be employed fo r th e 
eradication of t hese organisms from distribu t ion 
systems. In practice, i t is best to add t he gas fo r 
a period of five t o six hours, preferably from 9 : 00 
p .m. to 3: 00 a .m. so t ha t t he early morning fl ows 
11·ill rapidly distribu te t he CI02 t hroughou t t he 
system. The concen tration desirable for eradi ca-
t ion of fungi and actinomycctes, as well as bluc-
green a lgae, is roughly 2.5 mg/ I. There a rc excep-
t ions to the r equired dosage however, whi ch a rc 
dependent on demand. In one wate r system, 
chlorine dioxide was added fo r two days before a ny 
residua l could be obtained at t he taps near t he 
ends of water lines. This was due to the fact that 
there were organic deposits clinging to the interior 
of t he pipes, and it was necessary to satisfy the 
ch lorine dioxide demand before we could obtain 
a concen tration of 2.5 mg/ I. W e should acid t hat 
the addi t ion of t his gas did not increase t he thresh-
old odors as much as chlorine, and that the de-
tectability from t he st andpoint of t aste was mu ch 
less . If t he equipmen t is available to a wate r 
plant, it is frequent ly a n excellent idea to begin 
adding chlorine dioxide to t he distribu t ion system 
prior to the t ime a con tamination occurs on t he 
lining of the pipes. Thu , when tastes and odors of 
actinomycetic origin appear in the raw water, it is 
ad,· isablc to add chlori ne dioxide to the fi nished 
1rnter rather than chlorine so as not to aggravate 
th e taste a nd odor components. At the same t ime, 
th e C lO" should provide an unfaYorablc environ-
men t fo r gro1d h of mi croorganisms in t he distribu-
tion ,:ystem. 
It \YUS noted earlier t hat the major odor-
contribu t ing com pounds appear to be a romatic 
a mines wi th low solubility in wa ter, pa rticular ly 
i f t he pH was distinctly basic. The higher the pH, 
t he less t he so lubili ty; therefore, the greate r the 
li beration of t he odor com pound,:, resul ting in 
higher in tcnsit ie;:; of taste and odor from a wate r . 
It is a \Yell-knmrn fact th at fini shed wa ters pro-
du ced b)' :::o ftening plants 11·ith a pH from 10.5 to 
11.4 exhibi t fa r more in tense tastes and odors t han 
11·ater \\"i th a pH of 7.4 to 7.8. If \Yater could be 
produ ced for the consumer \Yi th a pH of 5, the 
quanti t ies of tast es a nd odors detec ted in the 
fini shed wate r 11·ould be low. This par ticul a r phe-
nomenon \\" as obseITecl in jar- testing i11'"cstigation,; 
several years ago, bu t \\"as not at first put t o any 
p ractical use. Afte r laboratory investigati on::: 
sho11·ed th at a fini shed 1rntcr with a pH of 10.5 
would haYC a threshold odo r t wice as great a;.; the 
same 'rnter at a pH of 7.6, i t 11·as dee ided t hat ;.;om c 
practi cal appli cation should be made of thi ;.; cha r-
acteri stic. The cities 11·herc tastes and odors were a 
problem and where so ft ening was nceessar:-' were 
;.; ui tablc sites fo r testing the usefulness of t hi s 
method for reduction of ta;.;tc and odo r com-
ponents. Thus, as soon as tastes and odors became 
detectable, the pH of the fini shed wa ter \\"as 
lowered as mu ch as poc;s ib le. Care was taken to 
in sure adequate a lkalini ty so as to minimize t he 
rhances of p roducing red 11·ater. At the same t ime 
the change 11·as not rapid enough to distress laun-
d ries and simil ar organizations 11·ith except iona lly 
hard wate r. In one sou th weste rn city, we a t-
tempted t hi s fo r a peri od of three years and found 
that there \\"as no lcftonr taste a nd odor in th e 
tap \Yate r afte r t he raw water had lost its t hreshold 
Ya luc. In prior years in that city residual tastes 
a nd odors rema ined in the distribution system for 
several week s a ftcr they had disappeared fro m th e 
raw 'rnte r. W e discoYcred qui te by acc ident t hat it 
\ms not t he compounds rema ining in the distribu-
tion system , bu t rather the gro11·ing organi ;.;ms, 
especia lly the actinomycc tcs, t hat produced t he 
tastes a nd odors. 
La boratory and fi eld studies on severa l distri-
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bution systems have shown the usefulness of con-
trol of pipe deposit as a method of minimizing 
growth in the distribution system. In softening it 
appears desirable to add the sca le in the winter 
and spring and to remove it slowly as the warm 
weather appears. During the taste and odor period 
of August and September, if the plant practices 
rccarbonation , the pipe deposits may be reduced 
to a minimum. If the plate counts continue to show 
positive proof of contamination, recarbonation 
should be stopped and a thin deposit added over 
the microorganisms. Thi will result in loss of ac-
tivity on the part of the taste- and odor-producing 
forms. In any softening plant, the control of scale 
formation may determine whether a contamina-
tion can persist or not. Actually, a small quantity 
of red water i not generally as important to the 
consumer as repulsive tastes and odors. 
In water plants that do not employ softening, 
it is desirable, when tastes and odors appear in t he 
raw water, to run the pH as low as possible or 
just above corrosion level. The pipes are kept clean 
by that technique and sites of contamination are 
minimized. As soon as the odors disappear from 
the raw water, lime should be added over and 
above the common complement so as to form a 
Yery thin layer on the lining of the pipe. If some 
contamination is present, it will be killed; if none 
is present, the plant can resort to normal lime feed 
within a few days. W c have had no experience 
with concrete pipe lining. This type of construc-
tion might be more suited to these procedures than 
other varieties, since the pH of the water could 
certainly be lowered considerably without danger 
of corrosion, and the contamination might be 
eradicated even more rapidly. Since we lack ex-
perience in that field, it is not desirable to make 
any specific comments. 
So far as the writer is aware, there are no other 
simple methods t hat may be employed for control 
of distribution ystem contamination. We do be-
lieve that more attention should be given to t he 
microbiological study of the pipes that carry water 
to the consumer. Such studies should involve large 
samples collected in duplicate from various parts 
of the distribution system. One set should be run 
through membrane filters and used for direct micro-
copic examination. This technique shows the 
presence of algae, fungi, protozoa, and associated 
organisms. The second set of samples should be 
concentrated and placed on different media de-
signed to rear actinomycetcs, fungi, or bacteria. 
It is desirable to keep records on an annual basif', 
with greater frequency of sampling in the summer 
and early fall. When the results from the distribu-
tion system investigations arc compared with 
analyses from t he raw \\" atc r and water pl ant , the 
total story of the mi crobiology of water will be 
kno\Yn. 
Th e author would like to acknowledge that this research wa :oi sup-
ported in part hy the Kational Institutes o f Health, Grant E.558. 
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PATHOGENIC BACTERIA AND VIRUSES IN WATER SUPPLIES 
P. W. KABLER, S. L. CHANG, N. A. CLARKE, and 
H.F. CLARK1 
Outbreak of water-borne di case occur infre-
quently in the United States, although laboratory 
evidence indicates that most of the streams arc 
contaminated with human and animal excreta. 
Pathogenic microorganisms probably do not mul-
tiply in natural vvaters, and disappear rapidly be-
cause of predators, lack of food, and other 
unfavorable environmental factors. Treated water 
supplies arc increasingly infrequent sources of 
enteric disease because of improvements in water 
treatment processes, in sanitary control of water 
system , and in procedures for the detection and 
enumeration of pollution indicators. 
OCCURRENCE AND SURVIVAL OF PATHOGENS 
Salmonella 
The London Metropolitan Water Board Labo-
ratories have examined raw river waters since 1927, 
during which time Salmonella typhosa has been 
isolated frequently. C1> Stewart and Ghosal <2 > iso-
lated S. typhosa from the River Hooghly in Indi a, 
and Mom and chaeffcr< 3> reported a large series 
of isolations from sewage and river 'rnter at Ban-
doeng, Dutch East Indies. Lendon and 11ac-
Kenzie«> recovered S. typhosa from water of the 
Wallington River, Han ts, England . Collet et al.<·;> 
identified S. typhosa from the water of a dug well 
near Pataskala, Ohio. They were not able to iso-
late the organi m from the same sample after four 
hours storage at 5 °C. Jumcrous other isol ations of 
S. typhosa from waters have been accomplished at 
other times and places. 
In their review of the literature on the occur-
rence and survival of cnteric pathogens, Rudolfs, 
Falk, and Ragotzkie< 6 > found that S. typhosa sur-
vived in distilled or tcrilized water a fe\Y weeks 
to a few months and in polluted waters and sewage 
1 Basic and Applied SciC'nccs Branch, Divi sion of \\~at rr Supply 
and Pollution Control, Robert A. Taft Sanitnry EnginC'cring Center, 
Public Health Service, Cincinnati, Ohio. 
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on!~· a few day~ , usually a \reek or less. Thi s 
indicated that the surviYal time of the organi~111 
\\°US in inverse relation to the degree of contaminn-
tion; that the sun·iva l time varied inrcrscl~· \Yi th 
the temperature; and that the pH range of grcate~t 
to lerance \\·as 5 to 6.4 and increases of acidity 
resulted in rapid mortality. Krau s and Weber «> 
sho\\·ccl that S. typhosa survi,·cd in impounded 
surface water up to 26 clays and 8. schott1niille1·i 
1ras still present after 70 clays. 
Salmonellae was clcmonstratccl in 19 of 53 
river sa mples by the London \Vatcr Board <s> and 
were identified as S. schottmulleri, S. typhimuriwn, 
S. enteritidis var. jena, S. anatwn, 8. braenderup, 
and 8. thompson. Of 25 sam ples taken from the 
Leinc Rivcr <0 > up to three miles below the sc1\·agc 
outfall near Hanover , German~·, five contained 
Salmonella. Ferramola et al.< 10> identified 15 
species of Salmonella from the Mendoza Rinr in 
Argentina. Of 481 water samples examined , 
Salmonellae \\'ere found in 31.3 per cent. The pre-
dominant species "·ere 8. newport, S. m eleagridis, 
S. oranienburg and S. typhimuriwn. Brock and 
l\Iom< 11 J repeatedly demonstrated S . schottmuelleri 
and S. paratyphi in polluted ditch waters near 
Waalwijk, Netherlands. Norman and Kablcr <12 > 
rccm·ercd .Salmonella from each of four South 
Platte Rinr \rntcr samples and from clcYcn of six-
teen irrigation waters, one of which contained 
eight types. Darrassc, Lel\!J:inor and Lccomtc< 1 3 > 
i:-olatcd five se rotypcs (S. f ann, S. ouakam, S. rubi-
slaw, 8. urbana and S. salf ord) from tap \\'ater in 
Dakar. A cistern rese rvoir in the distribution s:·s-
tcrn \\·as contaminated by lizard droppings. 
Kraus and Weber<1 > found that the mortality of 
Salmonella \\"US irregular and \ms affected by 
water composition, temperature, and other factors. 
Papp <14 > showed that Salmonella persisted in the 
River Ober, Germany, for fifteen to twenty-one 
miles below the point of sewage discharge. 
In summation , the several members of the genus 
8almonella :- urviYe yarying times, depending on 
envi ronmental conditions. 
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Shigella Table 1 
Because of the frequent occurrence of dia rrheal 
di ease and the prevalence of cntcric carriers, 
Shigellae might be expec ted to be common constit-
uent of sewage ; however, they have been demon-
trated infrequent ly in polluted water. Ross and 
Gillespie<1 5 > isolated Sh. sonnei from river 'Yater to 
which an outbreak of gastro-cnteri tis was attrib-
uted. Kra tochvil and T ara beak (lGJ recovered Sh. 
flexneri from well water. S higellae were not found 
in river water in Argentina by Lciguarda, P eso, 
and K empny <1 n although 67 per cent of the sam-
ple examined showed t he presence of Salmonellae. 
Gispen and Gan cis> also failed to isolate Shigellae 
fro m river water in Indonesia a lthough Salmonellae 
'verc frequent ly present. 
Shrewsbury and Barson < 19 > compared the sur-
Yiva l of N ational Collection of T ype Cul tures Sh. 
sonnei, Sh. fl exneri, and Sh. dysenter'iae in t ap 
\Yater , distilled water , and normal saline, with 
ini tia l populations of one billion ce lls per milliliter. 
Sh. sonnei urvived 68 hour in tap wa ter, 211 hours 
in distilled water , and 153 hours in saline ; Sh. 
fl exneri was alive after 86 hours in t ap water and 
a fter 118 hours in distilled water and salin e; Sh. 
dysenteriae was viable after only two hours in tap 
and di tilled water , and 68 hour in saline. 
Out ide the human body higella organisms are 
extremely sensitive to environmental conditions 
and tend to die off rapidly, as shown by the studies 
of W ang et al. <20 > 
Pasteurella Tularensis 
From 1937 to 1943, epidemics of tularemi a< 2 1 > 
occurred in the basins of t he Volga, t he Don, and 
t he Dnieper Rivers in Russia; the disease was said 
to be pread by water on some occasions. ·w ells in 
the M oscow Oblast<22 > became contaminated when 
roden ts gained entrance. P. tu larensis was isolated 
from natural waters in ?\Iontana by P arker et 
al.<2 3 • 2 •> and by J ellison et al. <25 > In 1950, Jelli son 
et al. <26 > also isolated the organism from a spring 
that served as a domes ti c water supply. P. tu-
larensis was recovered from water of shallow wells, 
irrigation ditches, and streams during an epizootic 
of tularemia< 21 > in meadow voles in central and 
eastern Oregon and northeast Californi a . 
The organisms persist in bog muds and in 
streams for several weeks. 
Ti me in Days for 99.9 Per Cent Reduct ion in 
Number af Same Enteric Micraarganism s 
1\ licroorganism Little 1\1iam i River Ohio R iver 
28°C 20°c 4°C 28°C 20°c 
Poli ov irus I 17 20 27 ll 13 
8 C HO 7 12 16 26 .5 7 
8C ll0 12 5 12 33 3 5 
Coxsackie A9 <8 <8 JO 5 8 
A . aeroocnes 6 8 15 15 18 
E. col i 6 7 10 .5 5 
S . f ecalis 6 8 17 9 18 
Enteric Viruses 
4°C 
19 
15 
19 
20 
44 
JI 
57 
The "entcric viruses" as used here include in-
fectious hepati t is (I.H.), poliovirus, Coxsackie A 
and B, E CHO and adcnovirus subgroups. Since all 
these viruses (except I.H.) arc readi ly demonstrated 
in sewage, th ey can presumably find their \my into 
surface waters. 
Toomey ) T ak as, and vVeavcr <2S> isola ted a polio-
likc v irus from creek \rater in Ohio by direct inocu-
lation of a cotton rat, and Klin g< 29 > found 
polioYirus in ,,·e ll \\·ater in S\Ycdcn. An unclassified 
adenu,·irus "·as recovered from the \\" ater from an 
ejector-type drinking fountain at a boys' camp, <30 > 
and cntcroviruscs were isola ted from Hudson River 
water 400 feet from the Albany sewage plant out-
faJl. C:l 1 > Clarke< 32 > has recovered poliovirus from 
the Ohio River 1,000 feet below the sewage outfall. 
Keefe and Stokcsl33 > demonstrated the infectious 
hepati t is Yirus in \\·ell water in an experiment with 
human Yolun tee rs. 
Coxsackie A2 virus survi ved more than 72 da~·s 
in distill ed 'rnter at 8°C, and 41 da~·s at 20°C;< 3•> 
in raw Ohio River wa ter, at 8 °C it survived 16 
cl ays, and at 20°C only 6 days. Poliovirus was 
cl emonstrated in experimentall y contaminated river 
\ra ter aft er 188 days of storage. <3 0 > Contaminated 
well wate r after 10 \Yeeks of ~ toragc infected hum an 
volun teers wit h in fec tious hepatiti s.Pa> 
T able 1 shO\YS t he relative sun·iYal t imes of 
some Yiruses and bacteri a in ri n r \rn ters.<3'l In 
these stuclies, the bacteria or Yiruses \\·ere added di-
rectly to relatively clean Li t tl e Miami River \Yater 
(natural coliforms 54/ ml. ) and Ohio River water 
(na tural coli forms 197 / ml.). Th e survival t imes of 
bac teri a and viruses lengthened \\"ith lowered t em-
perature. In Little :Miami \Yate r th e viruses, except 
Coxsackie A9, survived approxim ately twice as 
long a~ any of th e bacteria; in Ohio River \rater 
the bacteri a, " ·ith the exception of E . coli, stirYived 
longer than the viruses. Th ese Yariations in results 
illustra te the effects of the spec ifi c characteri sti cs 
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Table 2 
Removal of Viruses and Nat ive Bacteri a from Raw 
Oh io River Wote r by Two-Stog e Floccu lat ion ot 25 ° C 
Initial Stage Final Final Floe. Per Cent R emoval 
turbid. and turbid. p l-I forma- Cox- Col if. SPC' dosage tio n sackie bact. bact. 
vi rus 
1st stage 
60- 100 Alum 15 5-10 7 . 1- 7 . 4 Fairly 95. 7 63.8 75 . 1 
mg/! good 
16-240 Alum25 1-5 6 . 7- 7 .3 Very 98.6 99 .8 99.8 
mg/! good 
2nd stage 
5-10 Feet, 15 0.1 8 . 1- 8 .4 Very 94.6 97 .2 90 7 
mg/! good 
1-5 FeCh 0 . 1 7 .3- 7 Good 93 .8 93 .8 94 .8 
25mg/l 
Combined 
15 mg/! 0 . 1 99.8 99.0 97 .6 
25 mg/! 0 . 1 99.9 99.99 99.99 
• Standard plate cou nt. 
of waters on survival times, and the difficulties m-
volved in formulating generalizations. 
EFFICACY OF TREATMENT PROCESSES 
Flocculation and Sedimentation 
Chemical flocculation when carefully applied 
removes much of the turbidity and also effectively 
reduces the bacteria and larger microorganisms as 
well as viruses in the water. 
Early studies by Carlson et al. <3s> and Kempf 
et al. <39 > yielded inconclusive results showing neg-
ligible to significant removal of poliovirus by floc-
culation. In these studies the floe volumes were 
minimal and the methods of virus measurement 
inexact. Later studies on the removal of viruses 
and bacteria by Chang et al. « 0 • • 1 > showed that the 
removal of viruses from water by aluminum sulfate 
and ferric chloride flocculation was the result of 
formation of a metal-virus complex by a metal 
cation-protein reaction ; that although the flo ccu-
lant dosage-virus removal relationship followed the 
Freunlich adsorption isotherm, dosage alone was 
not necessarily a measure of the efficiency of the 
process unless it was satisfactorily carried out; and 
that the amount of floe was a reliable indication of 
the removal performance of the process. 
The results of Chang's work are summarized in 
Table 2 and show that chemical flocculation re-
moves viruses and bacteria in amounts parallel to 
the removal of turbidity from waters with t urbidi-
ties up to 240 mg/ l. From 93.8 to 99.8 per cent of 
Coxsackie A2 virus and coliform bacteria were re-
moved by flocculation at 25°C with alum or ferric 
chloride at a dosage of 25 mg/ I. Two-stage floccula-
tion achieved removals of 99 .9 per cent or more. 
Table 3 
Re moval of Pol iov iru s by Filtration o r Seepage 
P rocess 
Through unsaturated sand at 20--!0 gpd/sq.ft. 
Ground Wate r R a tes 
1. Upflow 9 gpd/sq. ft . (3 ft./day) 
2. Downflow 12 gpd/sq.ft. (4 ft ./day) 
Slow Sand-Filter Rates 50 gpd/sq.ft. 
Rapid Sand-Filter Rates 2880- 8640 gpd/sq .ft. 
1. without alum 
2. with alum 
a. without settling 
b. with settling 
Per Cent Removal 
greater than 99.99 
greate r than 99.99 
greater than 98.00 
22- 96 
1- 50 
90- 99 
greater than 99. 7 
At lower temperatures (5 °C) the virus and bac-
terial removals "·ere not signifi cantly reduced, al-
though the time required for flocculation might be 
lengthened. 
Filtration 
There has been considerable speculation recently 
as to the possible movement of entcric viruses 
through the ground with subsequent contamination 
of subsurface aquifers. Outbreaks of viral disease 
have been attributed to polluted well waters; ho\Y-
evcr, these pollutions have usually occurred because 
of fi ssured rocks, gravelly soil, or improper \rel I 
construction. 
Using an attenuated poliovirus Type I (Ma-
honey strain) , Robeck, Clarke, and Dostal <• 2 ' 
studied the movement of the virus through porous 
media. Although there \ms some lack of repro-
ducibility in the observations, the results indicated 
that viruses were retained on the surface of par-
ticles. The resul ts are presented in T able 3. 
The poliovirus did not pass in any appreciabl e 
numbers through two feet of a clean sand bed, a l-
t hough the pores were 100 to 1,000 times larger 
than the virus. It thus appears that well-packed 
sandy soil is a good protector of ground water , 
provided one uses proper design criteria and dosing 
rates in disposal systems. When filtration rates 
were increased the per cent of virus removal b~· 
clean sand beds gradually decreased un til most of 
the organisms passed through at rapid filtration 
rates. 
When a low but well-mixed dose of alum was 
fed just ahead of filters operated at 2 or 6 gpm per 
square foot more than 98 per cent of the virus wa~ 
removed by sixteen inches of coarse coal on top 
of eight inches of sand. When the alum dose was 
increased and conventional flocculators and settl ing 
\\"ere used, the removal was increased to more than 
99 per cent. ·when a turbid water 'ms treated, a 
floe break through was usually accompanied by 
increase in virus penetration even though t he fin-
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E. coli and S. typhosa . At normal pH values, ap-
proximately fo rty times more chloraminc than free 
chlorine was required to produce a near 100 per cent 
kill of E. coli in the same time period. For S. 
typhosa this ratio was about 25 to 1. To obtain a 
near 100 per cent kill with the same amounts of 
residual chloraminc and free chlorine required ap-
proximately 100 times the contact period for 
chloramine. 
Poliovirus (Type I , MF 500, and Mahoney 
trains) and Coxsackie virus (Group B , T:-·pc 5, 
EA 80) in water were inactivated by combined 
re idual chlorine, <5 2 > the effective concentration de-
pending on pH, contact time, and strain of Yirns. 
Longer contact times were required to destroy Type 
I polioviruscs than Coxsackie B virus in this study, 
and increasing the pH decreased the rate of inacti-
vation. At a pH of 7, and 25 °C, a combined chlorine 
concentration of at least 9 mg/ I \\"US necessary for 
inactivation of po liovirus with a contact period 
of thirty minutco:, and 6 mg/ I with a one-hour 
contact period. A concentration of 0.5 mg/ l required 
a contact period of more than seven hours. 
Chambers, at the 1961 conference, <53 > discussed 
the germicidal efficiencies of several disinfectants, 
including considerable detail relative to silver, 
iodine, and quaternary ammonium compounds. 
Chlorine dioxide , bromine, ozone, and ultraviolet 
light may also be useful disinfectants; howcnr, 
their efficiencies in comparison with that of free 
chlorine and as governed by pH, temperature, dos-
age, and contact time have not been established. 
Sanitary Significance of Coliform Organisms 
Insofar as bacterial pathogens arc ronccrnccl, 
the coliform group is considered a reliable indicator 
of adequate treatment. <5 4 > As an indicato r of pollu-
tion in drinking water supply system", and in-
directly as an indication of protection prO\·icled, the 
coliform group is preferred to the fecal coliform 
organisms. The ratio of cntcric virus density to 
coliform density in human feces is about fi ftccn 
virus units per every million co li forms. <3 <> It ha::; 
a lso been shown that sewage and water treatment 
processes exhibit comparable efficiencies for removal 
of enteric bacteria and viruses except for cli s in f cc-
tion procedures to which viruses are more resistant. 
A negative coliform test, therefore, does not nccc:;-
arily exclude the presence of virmcs. 
Under unusual conditions, where the ra\\" \\·ater 
supply contains large amounts of sewage (Ne"" 
D elhi) or \\·here there have been mechanical or 
human failures in the \\·a tcr treatment plant opera-
tion, \rnter-bornc disease may result. <33 > Ho\\"evcr , 
under normal conditions of raw water supply and 
treatment plant operations in the United StatcR, 
the virus content in drinking water is bclO\\. the 
infectious level \\·hen the Standard l\Icthods coli-
form test shows no gas in any tube. The paucity 
of " ·ater-bornc disease outbreaks supports this Yiew. 
SUMMARY 
(1) Pathogenic bacteria of the Salmonell a genus 
can be readily isolated from polluted sudacc \\"atcrs. 
(2) Raw \Yater o:ourccs may be contaminated 
\\"ith P. tidarensis b:-· infected animals. 
(3) Entcric viruo:cs haYc been clcrnon ~trated rn 
surface \Yatcrs. 
( 4) Pathogenic bacteria and viruses sun·in in 
\Yater for a few da~·s to several \\·eeks, depending 
on the kind of microorganism, characteristics of the 
water, predators, competitors, ambient temperature, 
etc. 
(5) Chemica l flocculation , sedimentation, and 
filtration when properly applied remoYc 95 to 99.99 
per cent or more of the bacterial and viral rontent" 
of \Ya ter. 
(6) Different types of cnteric Yiru;:cs nuy 
1Yidcly in their res istance to free ch lorine; polio-
Yirus, Coxsackie, and some ECHO viruses seem to 
be more resistant than coliform or cntcric path-
ogenic bacteria. The free chlorine residuals required 
for inactivation depend on pH, temperature, and 
contact time. 
(7) Combined chlorin e is consiclerabl.v Jes~ 
germicidal than free ch lorine, and requires higher 
concentrations or longer contact periods to achicYe 
comparable inacti\·ation. 
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ANIMAL INFESTATIONS IN DISTRIBUTION SYSTEMS 
W. M. INGHAM and K. M. MAcKENTHUM' 
INTRODUCTION 
Published records describing animal infestations 
in distribution systems in the United States are 
meager. <3o, 31> The modern water treatment plant 
with coagulation, sedimentation, rapid sand fi ltra-
tion, disinfection and subsequent storage in covered 
clear wells and distribution reservoirs has done 
much to minimize household infestations. F inished 
water stored in uncovered distribution reservoirs, 
however, may mitigat\:) the elaborate steps in puri-
fication at the water treatment plant. Treated 
\Yater can be degraded by dirt, lawn fertilizers, 
leaves, or other organic contaminants entering the 
open reservoir. Such materials increase fertility 
and initiate organism food chains similar to ones 
that may develop in raw water (Figure 1). T hus, 
immature and adult animals, as well as algal cells, 
1 Field Operations Section, Technical Services Branch, Division of 
Water upply and Pollution Control, Public Health Service, Robert A. 
Taft Sanitary Engineering Center, Cincinnati, Ohio. 
INORGANIC NUTR I ENTS 
NITROGEN, PHOSPHORUS AND TRACE MINERALS 
Fi gure 1. Effect of inorganic nutrients on prod uctivity in the food 
choin increases the magnitude ol b iological infestat ions 
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pose potential, if not always actual, infestation 
dangers to the consumer. Water supply systems 
lacking fi ltration prior to storage in open water 
reservoirs foster maximal nuisances to plague the 
householder (Figure 2). 
Animals that have been reported in distribution 
systems and that are of special interest to the water 
works operator, and in certain instances to the 
consumer are: nematodes (roundworms), mollusks 
(snails and clams) (Figure 3, a-c), midge larvae 
(blood worms), and crustacea ( copepods and water 
fleas) (Figure 4, a-c). Other animals causing occa-
sional nuisances in distribution systems are: pro-
tozoa, sponges, rotifers, bryozoans, segmented 
worms, and aquatic sow bugs (water lice). A man-
ual discussing these and other animals, written 
solely for water works operators, has recent ly been 
issued by the American Water Works Associa-
tion . <30 > This manual has stimulated many to ex-
amine microscopically water from various basins 
in the water treatment plant as well as finished 
water in the distribution system. 
Figure 2 . Open storage reservo irs for unfiltered water may 
foster co nditio ns frightening to the cons ume r 
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(o) Roundworms: Mole and female nematodes (mag. 100 times) 
(b) faucet snail: Bythinia (mag. 4.5 times) 
'11 mm . 
(c) Asiatic clam: Corbiculo (mag . 1. 5 times} 
figure 3 
NEMATODE WORMS 
Among animal that have been reported in dis-
tribution sy terns, nematode worms (Figure 3-a) 
are currently of great interest. A series of paper 
on roundworms in potable supplies has stimulated 
water works personnel to obtain precise informa-
tion on occurrence of nematodes in finished water. 
Chang et al. <9 > first reported a single species of 
nematode, Diplogaster nudicapitatus, taken from 
the distribution sy tern of a city water supply 
which used the Ohio River as the raw water source.* 
Examination of tap water revealed worms at den-
sities ranging from 1 to 20 per gallon; on one occa-
sion as many as 100 worms were found in a gallon 
of water. Chang et al., <10 > in a survey of twenty-
two water supplies, reported that sixteen contained 
live, free-living nematodes; he recorded these addi-
tional genera: Rhabditis, Cheilobus, M onhystera, 
Aphelenchus, Cephalobus, Dorylaimus, and Turba-
trix. He stated: 
While these nematode are harmless per se when 
ingested, those of the Rhabiditidae family may 
possibly serve as carrier of human enteric patho-
gens. This is based on the facts that members of 
this family are frequently present in large numbers 
in trickling filters of municipal sewage treatment 
plants (unpublished ob ervations of S.L.C.) <"> and 
that they feed readily on Proteus mirabilis, Aero-
bacter aerogenes, Ae. cloacae and Pseudomonas sp. 
in laboratory cultures. 
Chang et al. <10 > reports on the experimental lab-
oratory control of two worms, Cheilobus quadri-
labiatus and D. nudicapitatus, by chlorine applica-
tion. He states: 
These nematodes are so highly resistant to the 
destructive action of free chlorine in water that 
they were not affected by 2.5-3.0 ppm of chlorine 
in a 120-minute exposure or by 15 to 45 ppm of 
chlorine in a I-minute exposure when the water 
temperature was 25 °C, pH 6.6-7 .2, and the chlor-
ine residuals were only slightly lower than initial . 
Even with an initial chlorine as high as 95-100 
ppm, 50-60% of these nematodes survived a 5-
minute contact and 10-20% survived a 15-minute 
contact. The C. quadrilabiatus appeared to be 
somewhat more re istant than the D. nudicapita-
tus, but the difference was reduced as the chlorine 
dosage was increased from 15 to 95-100 ppm. 
Chang<13 > discusses possible control measures on 
a plant scale basis, stating: 
At present it appears that the most practical 
method for preventing nematode infestation is to 
* The name of the city was withheld by request (Chang et al., 
1959). 
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(o) Bloodworms: Chironomus: The top diagram shows the pupa 
(mag. 3. 9 times); the bottom, the larva (mag . 2.8 times) 
(c) W ater flea: Daphnio (mag. 35 times) (b) Cyclops: Cyclops : The two oval extensions from the body contain eggs (mag. 30 times) 
Fig ure 4 
prechlorinate the raw water for 6 hr; a free resid-
ual of 0.4-0.5 ppm chlorine houlcl result at the 
encl of this period. Although many of the nema-
todes are not killed, they are sufficiently affected 
o that they can no longer swim; therefore, they 
will be ettled out in the flocculation process. The 
pH, in the range of 6.0-8.2, appears to have no 
detectable influence on the vermicidal activity of 
the free chlorine. 
:McCall's tudies< 33> indicate that nematode 
worms, although not numerous, did occur in the 
Merrimack River, a raw water source of the Law-
rence, Ma achusetts, water treatment plant. Ex-
amination of finished water did not reveal worms 
to be present. The fini bed water had had the 
following treatment: rough and fine screening. 
prechlorination, coagulation with alum, mixing, 
ettling, rapid sand filtration, pH control with lime, 
aeration, and postchlorination. 
Fortunately, from an aesthetic point of view, 
the roundworms di cus ed above are microscopic 
(100 to 500 microns in length and 10 to 40 microns 
in width). Thus, cYcn though they may occur in 
finished tap water they arc unnoticed by the con-
sumer because of their minute size. Occurrence in 
fini shed water does, however, indicate that modern 
\Yater treatment methods arc not ahYays fully 
successful as barriers to inva~ion by microorgan-
i:::ms. The public health significance of microorgan-
ism in drinking water has been pointed out by 
Chang and coworkers. <10 > Supplies that renal 
worms on microscopic examination should be scru-
tinized by the operator or others in authority to 
make certain that a public health hazard docs not 
exist and that measures of disinfection arc put into 
practice that will effcctiYely destroy round 1rnrms. 
MOLLUSKS 
To date, published literature on mollusk nui-
:;anccs in distribution systems in tltc United States 
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refers to only one snail, Bythinia tentaculata 
(Figure 3-b) originally introduced from Europe.<1> 
Other snail genera have been found as occasional 
residents of finished water in clear wells but have 
not caused difficulty in distribution systems. <3 o, 3 1 > 
Clam nuisances have not yet been reported in dis-
tribution systems in the United States; however, 
one species, Corbicula fluminea (Figure 3-c) intro-
duced from Asia and bordering Pacific Islands, has 
been recorded as causing trouble in raw drinking 
water supplies and in the canal transportation sys-
tem of the La Verne water softening plant of the 
Metropolitan Water District of Southern Cali-
fornia.<2" 29 > This clam has a life cycle that, in 
prognostication, should eventually cause it to be 
listed as a nuisance in treated supplies. It is estab-
lished as a pest in pipes of irrigation systems in 
California. <2n Since the time of the first published 
record of its distribution in the United States as an 
inhabitant of certain streams in California and 
Washington, <25 > it has spread to waterways in Ari-
zona, Oregon, Idaho, Tennessee, and Ohio. 
The snail, Bythinia tentaculata, as the mollusk 
invader of bathtubs and kitchen sinks, has been 
named the faucet snail. Baker, <5 > while studying 
drinking water from Lake Michigan, first collected 
this snail in the United States in 1898 as an inter-
mittent household guest. The snails were pumped 
into the distribution system of the Chicago area, 
which was supplied by the Lake View crib intake. 
During this infestation they were found occluding 
small water pipes in residences; in a number of in-
stances tumblerfuls of snails issued from faucets. 
Two other snails associated with this snail in the 
crib structure were not reported from faucets 
(Pleurocera elevatum and Goniobasis livescens ). 
Remedial measures are not described. 
Sterki <39> records an infestation of the Erie, 
Pennsylvania, water system when the raw source 
was Lake Erie. The intake at the time was four 
to five miles out in the lake. He noted that "wagon-
loads" of snails were taken from the crib structure 
when it was cleaned and that snails often plugged 
faucets. Two genera of snails that were collected 
with B ythinia but not reported to cause nuisances 
were Physa and Helisoma ( =Planorbis). Bahl -
man<4. 5 > found empty shells of Planorbis (=Heli-
soma) in the clear well of the Cincinnati, Ohio, 
filtration plant but did not report snail nuisances 
in the distribution system drawing from the clear 
well. 
MIDGEFLY LARVAE 
In the water treatment profession the well-
known "bloodworm" is the immature, larval stage 
of a midgefly (Figure 4-a). Taxonomically it is 
placed in the genus Tendipes ( = Chironomus is the 
common generic term used by professional water 
supply journals). I n most instances, the worm-like 
larvae that have been reported in distribution sys-
tems have been ones with blood-red coloring, al-
though the larvae of various species may range 
from red, through yellow, brown, or green. Invari-
ably, bloodworms enter distribution systems from 
uncovered, finished-water reservoirs or from cov-
ered reservoirs with broken screens over side vent>'. 
Adult midges lay their eggs in jelly-l ike strings, 
enveloped by a gelatinous covering. The eggs are 
free floating on the water surface or attached to 
aquatic plants, twigs, or stones. One species, 
T endipes ( = Chironomus) plumosus, has been as-
sociated with finished-water supplies, as well as 
with streams polluted by domestic sewage. Popula-
tions of 250 larvae per square foot have been 
recorded in eutrophic lakes. <• 0 > 
Bahlman's papers <•. 5 l are among the early ones 
that report bloodworms from finished water that 
had been thoroughly treated in a filtration plant. 
He first discovered these organisms in the uncovered 
clear well on the grounds of the Cincinnati plant 
and concluded that they multiplied by feeding on 
algal growths and decaying leaves that had ac-
cumulated, forming a bottom sludge. He noted that 
" ... a complete covering of the clear-well reservoir 
is the only means of maintaining an aesthetic sup-
ply." Bloodworms were eventually reported emerg-
ing from bathtub faucets and in toilet bowls in a 
suburban family hotel. 
Hechmer< 22 l reported that Chironornus plurnosus 
was found in finished-water tanks in the filtration 
plant of the Washington, D.C.-Maryland Suburban 
Sanitary District. He states that they did not pass 
through the sand filters, but developed in the fin -
ished water from eggs that were deposited directly 
on the finished-water tanks. Larvae discharged 
from faucets caused consumer complaints. The 
bloodworm problem was eliminated for the house-
holder by covering the filtered finished-water tanks. 
Flentje<1 sJ reported on the elimin ation of color-
less to pale-green bloodworms, four to five milli-
meters long, from the distribution system at Alex-
andria, Virginia. The foci of the infestation '"ere 
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two finished-water re ervoirs. Flentje< 19 > recorded 
his overall experiences with bloodworms from many 
years in the water works field, and summated the 
literature. 
Brown <a> discussed a bloodworm infes tation of 
a distribution system and found the point of devel-
opment to be a reservoir of the Stockton, California, 
potable supply. The reservoir had a collapsed roof. 
CRUSTACEA 
Crustacea represented by water fl eas (Daphnia 
and Bosmina) and cyclops (Cyclops) have long 
been of interest to water treatment plant operators 
since they have been reported from various basins 
in the filtration plant. They are frequently observed 
in unfiltered supplies. 
Water fleas in finished water in distribution sys-
tems have been reported by Hart.t21> Kelly <32 > 
reported Daphni,a in fini shed water in the effluents 
of slow sand filters. Hobbs< 23 > states that slight 
difficulty has been encountered from penetration 
of filters by Daphnia. Cox< 1 5 > indicates that they 
are removed from potable supplies by filtration. 
Adult cyclops were prevented from entering 
finished water by sand filters at Indianapolis, Indi-
ana, <15> however, the egg did go through filters and 
hatched in the finished water, which resulted in 
adults being carried to the consumers. As many as 
twenty eggs per litter were counted from fini shed 
water on the effluent side of the filters at the height 
of this infestation. Hart<21 > implies that the cyclops 
egg , rather than the adults, pass through filters, 
thus accounting for the appearance of mature forms 
in potable supplies. Baylis<7) reported that cyclops 
were taken from filter surfaces of Chicago's South 
District Filtration Plant. No mention was made 
of their occurrence in finished water. 
The authora wish to thank Dr. Shih Lu Chang, in charge of 
Water Treatment Evaluation tudies , Basic and Applied Sciences 
Branch, Division of Water Supply and P ollution Control, R obert A. 
Taft Sanitary Engineering Center, Cincinnati, Ohio, for furni shing the 
diagrams of roundworms included as (a) on Figure 3. Acknowledgment 
is due the American \ Vater \¥orks Association for permission to u:se 
Figure 3 (a) and (b), and (a), (b), and (c) of l<' igure 4 ; these appeared 
originally in "Animals Associated With Potable Water Supplies: Op-
erators Identification Guide," AWWA-M7. Credit is gi,·en Mary 
Juanita. Churchill who was the clelineator of Figures l and 2 that were 
based on prototype sketches of t he senior author. 
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IRON BACTERIA 
F. l\I. CLARK l 
Iron bacteria are an important type of nuisance 
organism found in water. Their importance results 
from their ability to tran form soluble iron into 
insoluble iron compounds that may be precipitated 
in water or in water distribution systems. They 
may produce deposits that tend to reduce the water-
carry ing capacity in pipes. They a lso may form 
lime in water holders and produce a scum on water 
surfaces. They may a lso produce turbidity and 
di coloration of water. 
The iron bacteria are typical water organisms. 
In the manual, "Standard Method for the Exam-
ination of Water and Wa te W aters,"< 1 > this charac-
terization is given: "Iron bacteri a arc considered 
to be capable of withdrawing iron present in their 
aqueou habitat, and of depositing it in the form 
of hydrated ferri c hydroxide on or in the mucilagi-
nous ecretion ." The manual furth er states, " ... 
bacteria of th is type, to obtain energy, oxidize 
fe rrous to ferric iron which is precipitated as ferric 
hydrate." This statemen t has not been proven con-
clusively for some of the organi ms that are in-
cluded in a discussion of iron bacteria. 
Even though the presence of these bacte ria in 
water has been observed for many years, confusion 
appears in the literature concerning the name of 
the organi m described. This, undoubtedly , is a 
re ult of the fact that the organisms have not been 
tudied in pure cul ture and their varia bili ty deter-
mined. Thus, certain morphological variations re-
su lting solely from environmental conditions have 
been described as different organisms by variou,; 
worker~ . To eliminate this confusion of names we 
will follow in our discussion the class ification of 
th is group as outlined in Bergey' manual: <2 > 
Ch lamydobacteriales (sheath-forming bacte ria ) 
Sphaerotilus 
Leptothrix 
Crenothrix 
1 Pro fessor of ~IicrobioJogy, l·niversity of Ill inois. 
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P scudornonadalcs 
Caulobactcriaccac (sta lk-form ing bacteria) 
Gallionclla 
Sidcrocapsaccac 
Sidcrocapsa 
Ferri bacte rium 
Ferri bacillu::; 
No attempt \\"ill be made to dif'cuss a ll the 
genera of organisms reported under t l:c Sidero-
capsaccac. Siderocapsa, Ferribactcrium, and Ferri-
bacillus have been selected as being charactcri:;tic 
of this group. 
In addi tion to these organ irn1s, conf' idercd a:o 
iron bacteria, certain common organisms found in 
soil and sewage may cause a precipitation of irnn 
under specia l conditions. They will be discussed 
briefly in a later part of this paper. 
Sphaerotilus. The organisms belonging to th i ~ 
genus a rc usually associated wi th sewage or se1rnge-
pollu ted streams. They prod uce color less filament~ 
1Yhich may be attached or free floating. The fi la-
ments conta in rod-shaped or oYal ce ll s surrounded 
by a firm sheath that is soft and limy. The sheath 
may be seYcral millimeters long and several shcatb 
may be held together by adh ering slime. Orclinaril:< , 
bacteria in this group a rc not consiclerccl as irnn 
bacteria, but under certain conditions irnn can be 
demonstrated in the sheath by treating it 11·ith 
fc rri cyanide and H CI. If iron is pre;::ent they ex-
hibi t the Prussian blue reaction. Sphaerotilus ha;: 
been cultivated in organic medium and its abilit,· 
to live solely on iron compounds iR questioned. 
L eptothrix. The members of this group consist 
of rod-shaped ce lls in ch a in~ urround ccl b.'· a 
i,; heath . In young cells there is little eYiclence of a 
sheath but as the ce lls becollle older the ~heath 
thickens from the deposition of iron or rnangane;;:e 
and becomes yello1Y-brmrn in color. As th is sheath 
becomes heaYily encrusted, cell" may escape leaYing 
an empt)· tube of fe rri c hydroxide. The cells then 
fo rm a new sheath that often tape rs tom1rcl the end. 
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False branching may occur. Some species are free 
floating while others are attached. These organisms 
are common inhabitants of fresh and stagnant iron-
bearing waters containing small amounts of organic 
material. Pringsheim <3 > reports evidence that 
Leptothrix is a form of Sphaerotilus. Employing 
pure cultures of Sphaerotilu.s natans he had isolated 
from different source , he was able to produce in 
his laboratory, by modifying the cultural condi-
tions, forms of this organi m that would be identi-
fied as Leptothrix. 
Crenothri.rc. These organisms represent chains of 
cells in a sheath that is attached to a firm substance. 
The sheath is thin and colorless at the tip and en-
cru ted with iron or manganese at the base. The 
free end is swollen or enlarged and both large and 
mall conidia escape from this enlarged tip. These 
conidia may form new chains or develop into a 
zooglial mass on the old sheath. It is found com-
monly in wells and water pipes, but will also grow 
in running water containing organic matter and 
iron salts. 
Gallionella. The organi ms in this group belong 
to the Caulobacteriaceae or stalk-forming bacteria. 
talk secreted by the cells are slender and twisted 
and are attached to solid surfaces. The cells arc 
rounded or kidney-shaped and are located at the 
top of the talk. The twi ted stalk, characteristic 
of this organi m, makes its identification relatively 
imple. Electron micro cope pictures of these stalk 
taken by Vatter and Wolfe<4 > have indicated that 
the talks are made of a series of strands rather 
than one solid band. Gallionella occur in iron-
bearing waters where organic material is absent. It 
appears to be an autotrophic organism. 
Siderocapsa. These organisms are without a 
heath but frequently are embedded in a thick, 
mucilaginous capsule in which iron or manganese 
may be deposited. These organisms are coccoid or 
hort rods that occur in mall colonies of one to one 
hundred cells. The colonies may form surface fi lms 
or may cover the surface of submerged objects. 
Most results seem to indicate that they utili ze 
organic materials and are not autotrophic. 
Ferribacterium. These are rods usually occur-
ring in pairs. In most cultures the cells are enclosed 
in a gelatinous capsule which is surrounded by 
deposits of iron compounds. The organisms pro-
duce a surface film on liquid medium and water. 
They have been isolated from iron- or manganese-
containing waters. 
-- - -- --- -- -- ---
Ferribacillu.s. These rod-shaped bacteria oxidize 
ferrous iron to the ferric state in acid environments. 
They appear to be strictly autotrophic, deriving 
their energy for growth by oxidizing ferrous iron . 
Silverman and Lundgren <5 > have found that when 
the ferrous iron had been completely oxidized to 
the ferric state, growth ceased in their cultures. 
The organisms have been isolated from bituminous 
coal, mine drainage, and waters receiving such dis-
charges. Ferribacilli frequently form relative!~' 
hard granules of ferric iron in which the bacteria 
are entrapped. 
Like all organisms, the growth of iron bacteria 
is affected by many factors. Our knowledge of these 
factors is often incomplete because it is difficult to 
cultivate these organisms in laboratory media. A 
brief consideration of some of these factors may 
aid in suggesting conditions under which they arc 
likely to be found. 
The iron bacteria arc essentially all aerobic, 
depending on the presence of free oxygen. Under 
conditions where large amounts of organic matter 
is decomposing and removing the dissolved oxygen, 
they are found only at the surface. In water where 
algae are developing they may be found associated 
with these plants. The organisms that depend on 
the oxidation of ferrous iron for their energy wi ll 
develop only where there is an adequate supply of 
both ferrous iron and oxygen. 
There is much conflicting evidence regarding the 
influence of organic matter on the growth of iron 
bacteria. Sphaerotilus develops luxuriously in 
waters containing a large amount of organic matter. 
Lackey and W attie<a> found this organism in large 
numbers in their study of bulking in an activated 
sludge plant. It has been reported by Scheuring<• > 
in streams polluted with sulfite liquor from pulp 
and paper mills. In dirty running water it thrives 
in great tassles held together by slimy tubular 
sheaths. Molish cs> cultivated Sphaerotilus on a 1 to 
2 per cent peptone solution in which no iron was 
added. Under these conditions the cells were color-
less and the sheath contained no iron. Leptothrix 
grows much like Sphaerotilus but will develop in 
lower concentrations of organic material. Various 
investigators have grown these organisms in the 
laboratory on organic media in the absence of iron. 
Crenothrix grows in the presence of organic matter 
and there is evidence of its ability to grow at the 
expense of ferrous iron. Thus, this group of organ-
isms appears to have the ability to grow hetero-
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trophically in the presence of organic matter or 
autotrophically in inorganic media when ferrous 
iron i present. When grown autotrophically, large 
amounts of ferric hydroxide are produced. When 
they grow on organic material large amounts of 
filamentous fouling matter is produced. 
Gallionella, according to Sartory and Meyer, <9 > 
are strictly autotrophic organisms that depend on 
the oxidation of ferrous iron for their energy. 
everal investigators have reported the presence of 
small amounts of organic matter as toxic to these 
organisms when grown in pure culture. Neverthe-
less, Gallionella have been encountered in water 
under natural conditions where organic matter was 
present. Ferribacillus has also been reported as 
being an autotrophic organism by Silverman and 
Lundgren. 
iderocapsa and Ferribacterium appear to be 
heterotrophic organisms utilizing organic iron com-
pounds and depositing iron in their cap ule. 
The iron bacteria, therefore, may be grouped 
as follows: Sphaerotilus, Leptothrix, Siderocapsa 
and Ferribacterium appear to require organic mat-
ter and are heterotrophic bacteria. Crenothrix may 
develop with or without organic material and can 
be cla sed as a facultative autotroph; Gallionella 
and Ferribacillus as autotrophic bacteria. 
tarkey<10 > indicates that in waters containing rela-
tively large amounts of organic matter Crenothrix 
and Leptothrix are commonly found, whereas Gal-
lionella usually predominate in water low in or-
ganic matter. 
The nitrogen requirements for the growth of iron 
bacteria have not been studied in many cases. For 
the autotrophic member of this group ammonium 
salts probably serve this requirement. Others that 
have been cultivated in the laboratory are often 
grown on organic nitrogen sources such as peptone 
and beef extract. It is probably true that most 
waters contain sufficient nitrogen to support the 
growth of these organisms. 
Most of the iron bacteria show a preference for 
relatively low temperatures. It has been reported 
that 15 °C can be taken as an optimum temperature 
for growth. In the laboratory Gallionella grew in 
culture medium from 0° to 27°C with an optimum 
from 6° to 10°C. This organism has been found in 
mineral springs with water temperatures of 27° to 
32°. Leptothrix have been isolated from water at 
1° to 2°C, but their optimum is considered to be 
higher. Molish obtained good growth of this or-
gani m at 25°C. 
Natural waters vary greatly in their reaction. 
Iron bacteria as a group seem to develop best where 
there is a slight acidity. This is especially true 
when the acidity is produced by carbon dioxide, a 
condition which increases the iron-carrying capacity 
of the water. However, Gallionella has been found 
in mineral springs with a water pH of 7.0 to 7.6. 
Crenothrix has developed in water nearly free of 
iron at pH 7.3 to 8.0. Under these conditions it 
is presumed the iron came from pipes and sufficient 
organic matter was present to permit growth of 
the Crenothrix. Hardman and Henrici <11 > were 
able to isolate Siderocapsa regularly from alkaline 
hard-water lakes in Minnesota. They were not 
isolated from neutral or acid soft-water lakes. 
Silverman and Lundgren, <5 > in studies on the iron 
bacterium Ferrobacillus f erroxidans, report develop-
ment of this organism at pH 2.0 to 4.5, with an 
optimum of pH 3.0 to 3.5. 
The concentration of iron required for the de-
velopment of iron bacteria appears to vary greatly. 
They have been found usually in water containing 
10 to 30 ppm of iron, however they also occur where 
the iron content is a lmY as 0.1 to 0.3 mg/ I. 
Harder' 12 > found active development of iron bac-
teria in water pipes carrying water with 1.3 mg/ l 
iron. Halvorson ' 13 > found these bacteria in spring 
water carrying 1 to 10 mg/ l iron. Other reports 
indicate iron deposits in pipes where the iron con-
tent of the water was 0.2 to 0.3 mg/ l. Usually we 
think of these bacteria as being associated with 
water containing a high content of iron. However, 
they may develop in water with a relatively low 
iron content if the supply of iron is continuous as 
would be obtained in flowing water. 
Chlorination of water appears to be the most 
satisfactory method of controlling the development 
of iron bacteria. Duchon and MillerC14 > found that 
chlorine and hypochlorite were the most effective 
chemical agents for controlling growth of Creno-
thrix. In a symposium on control of growth in 
water distribution systems'15 > chlorine was re-
ported to have been used successfully. Blair' 1G> 
indicated that maintaining free residual chlorine 
throughout the distribution system was an effective 
means of combating infestation. He warned, how-
ever, that even though the kill was effective, ta:;tc 
and odor were still possible. In dealing with heavily 
polluted water Scheuring found that growth of 
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Sphaerotilus could be inhibited if t he water had a 
pH below 6.0. 
M any differen t organic compounds of i ron occur 
in natural waters. Organisms t hat have the abili ty 
to decompose or utilize the organic radical may 
cause a precipi tation of iron. In the decomposit ion 
of organic matte r carbon dioxide is often fo rmed. 
nder proper conditions this may lead to the 
formation of ferrou carbonate. When t his is ex-
po ed to t he air carbon dioxide may be liberated 
with the formation of ferri c hydroxide. This later 
change often is chemical and takes place some dis-
tance from the place of its formation. Thus, no 
organisms would be observed in this type of precip-
itate even t hough its original formation was 
biological. H alvorson and Starkey< 1 n made a study 
of th is type of reaction. 
In addit ion to the iron bacteria which may 
cau e iron precipitation, various other bacteria 
found in soil- or sewage-pollu ted streams may be 
the cause of this precipitation . With t hese organ-
isms iron is only incidental to their development. 
M uch of t he laboratory work reported on thi s group 
of nonspecifi c bacteria has involved the use of fer -
ric ammonium citrate as an organi c iron complex. 
Lewis<11} u ing a synthetic medium containing 1 
per cen t ferric ammonium citrate repor ted iron 
precipitation by A erobacter aerogenes and related 
organisms, cer tain train of P seudomonas, B acil-
lus subtilus, B acillus cereus, spore formers i olated 
from soil , Serratia marcescens and some strains of 
almonella . Starkcy< 10 > refers to t he precipitation 
of iron from t hi " compound by Aerobacter aero -
genes. 
In our laborato ry, pl ates made from streams in 
thi area using a yn thctic medium containing fe r-
ric ammonium citrate seldom fa il to y ield colonic" 
hawing typical iron precipitation. I n t he majori ty 
of ca es, culture produced by picking these colo-
nies proved to be Aerobacter aerogenes . 
T hree cul tures that gaYe indication of ircn 
precipitation in surface water were sent to our 
laboratory by M r. Robert Scott of the State D e-
partment of Public H ealth. One culture was id enti -
fied as Serratia indica, the other two were sporc-
fo rming rods and have not been completely 
characterized. These t hree cul tures a long with 
known cultures of Aerobacter aerogenes and isolates 
from plates made fro m \\'a !:er samples haYe been 
tested for their abili ty to precipitate iron fro m a 
ynthetic mediu m containing fe rric ammonium 
citrate as t he only source of iron and carbon. W hen 
streaked on an agar medium , iron was precipitated 
around t he colonies giving t hem a rcddi sh-b ro\\'n 
color. 
In liquid medium , Acrobacter and Ser ratia rap-
id ly fo rmed a scum on the surface, with indi cation,,: 
of iron precipitation in three to fi ve days. One cul-
ture of Bacillus produced simil ar resul ts , bu t a 
\\'eek to ten days \\·as required. The second cul ture 
of Bacillus produced very li ttle surface film and 
precipitation only on prolonged incuba tion. At-
tempts to grow these organisms in the s ~· n the tie 
medium under anaerobi c condit ions resul ted in their 
fa ilure to precipi ta te iron during a two-mon th in cu-
bation period . 
T o test the extent of iron precipi tation, mu eh 
of the heayy sur face fi lm which had deYClopec! in 
the fl asks of liquid medium was remo\'Ccl. The 
remaining solution \\·as fil tered to rcrno,·e the pre-
cipitate. Tests for tota l iron on the fi ltrate 11·ere 
run colorimetrical ly using hydroxy laminc-phenan-
throline soluti ons. An a liquot from the uninocu-
lated fl ask of the original medium was run a,.; a 
cont rol. No more color developed in the fil trat e 
than in the blank run with reagents and di still ed 
water, indicatin g complete removal of iron. The 
sur face film containing precipi tated iron and organ-
isms " ·as suspended in \1·ater, ,,·as washed b~· cen-
tri fugation, ce lls were resuspended in \1·ater, and the 
test fo r iron \\'US run. The color that developed \\·as 
almost as in tense as that from the medium in the 
control fl ask t hat had not been inocul ated. The 
organisms used in these tests tended to produce 
some slime or capsular materi al ll'hich surrounded 
the cell. It appears possible t hat much of the pre-
cipi tated iron was imbedded in this slime laye r. 
:No attempt has been made to quantita fo·ely deter-
mine the amount of iron in the cell mass , or the 
amoun t of iron needed to produce eY iclence of 
precipitation in our cul ture medium . 
In conclusion, there is no ques tion bu t that tli e 
precipi tation of iron from water re~ul ts from sc1· -
eral causes, both biological and chemi cal. l rem 
bacteria have an important role, but under certa in 
conditions other bac teri a may also play an im -
portan t part . 
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BIOLOGIC INFESTATIONS IN WATER DISTRIBUTION SYSTEMS 
M. P. CRABILL1 
What is a biologic infestation? For the purpose 
of this discussion, we can define it as a population 
of plant or animal organisms growing or reproduc-
ing in the distribution system. However, in a 
broader definition, organisms growing in any part 
of the treatment plant, pumping station, or in raw 
water should be included. For the most part, an 
infestation probably has more impact upon public 
relations than it has on the sanitary quality of 
water; although, admittedly, it can have sanitary 
significance. 
I presume that almost all water works operators 
using a surface supply, mixing and sedimentation 
basins, and filters have at one time or another 
observed the two-winged midge fly about the plant. 
This is commonly classified as the adult chiromid. 
It lays eggs in a gelatinous mass sometimes extend-
ing to a length of several feet. The egg mass may 
be deposited on the water surface in a settling 
basin, on a filter, or in the clear well, if the midge 
fly has access to finished water. This may seem to 
be an unlikely possibility, but some years ago, 
during a routine examination for structural mainte-
nance, we discovered a multitude of egg masses 
in the chlorination basin at our plant. We estimated 
that the volume of the mass which was located in a 
dead area of the basin would have more than filled 
a bushel basket while the eggs and the gelatinous or 
jelly-like strings were wet. This discovery came 
as a real shocker to us. 
In this situation, it is obvious that the first 
task is to remove the egg masses from the basin. 
This was accomplished in a short time by closing 
off the chlorination basin in favor of a bypass con-
duit and then by making a 30-inch square sieve of 
gauze, framed on the end of a rake handle. All of 
the egg masses were then dipped out of the basin 
while they were still buoyant and floating. Having 
accomplished this, the basin was drained, was given 
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a heavy brushing on the sidewalls through the dis-
tance where normal water levels vary, and then 
refilled with a water having approximately 150 mg/ I 
chlorine residual. It was then left standing for bYo 
days before draining to waste and then returned to 
service after a normal refill. Needless to say, the 
alarm of this experience raised a great deal of con-
cern as to what might be expected in the distribu-
tion system in the way of larvae. We immediately 
initiated a schedule for flushing all dead ends in 
the system. Upon completion of the entire system 
we reflushed about 15 per cent of them and collected 
samples for microscopic observation. The 15 per 
cent spotted were selected to give a wide coverage 
of the system. Those selected were also spotted for 
being some of the longest runs of stagnated water. 
The chironomous larvae were discovered in onlY 
two of the samples in spite of the 15 per ce~t 
flushing schedule which was repeated four times. 
No customer complaints were received following 
the removal of the egg masses from the basin. On 
this occasion, it appears that we were most for-
tunate in the timing of the discovery of the eggs and 
that the cycle for their reproduction in the system 
was arrested by their removal and the subsequent 
flushings. 
A careful observation of the plant to discover 
the method of entrance for the flies to the basin 
was being carried on at the same time other work 
was in progress. We finally concluded that the 
flies made their entrance to the basin through the 
screen of one or more of the three ventilators on 
the basin. The screens originally installed on the 
vents were wire mesh and had in some cases rusted 
out. As a temporary measure, the screens were 
covered with gauze until wintertime when new and 
smaller mesh screen could be installed. 
The whole episode established several practices 
which are precautionary measures to reduce the 
possibility of a recurrence. First, in the early 
warm weather of spring, while the nights are yet 
cool, the midge flies can be identified as they swarm 
BIOLOGICAL INFESTATIONS IN WATER DISTRIBUTION SYSTEMS 91 
about the doors of a heated building. The identi-
fication is easily made and is a fair warning of 
trouble if access points are not sealed. There is no 
practical method for eliminating the fly. However, 
shortly after observing the fly, you will likely dis-
cover larvae on the surface of the sand filter; and, 
if so, you are certain to find that some of them 
have burrowed to some depth in the filter sand. At 
thi stage, the problem has advanced to a point 
where something must be done. Upon observing this 
condition we have done three things: 
(1) We backwash the filter on a short-time 
schedule so that as many of the larvae as possible 
will be washed out of the sand. 
(2) If the larvae are numerous, we frequently 
take one filter at a time out of service and chlo-
rinate it to approximately 100 mg/ l residual and 
permit it to stand overnight before backwashing. 
(3) We set up a sampling device on the filter 
effluent so that we will observe either larvae or eggs 
should they pass the filter. If this situation should 
be observed, it would then call for initiating the 
flushing schedule to clear the distribution system 
of any eggs, or larvae. 
It is difficult to be certain that all access points 
to the midge are closed. As mentioned, a vent 
screen with openings of sufficient size to permit 
access is an open invitation. The older type loss-
of-head meters which took water off the top of the 
filters and also off the filter level below the under-
drains often had a vent pipe extending vertically 
to bleed off air traps. These pipes were open to 
atmosphere and were not screened. In spite of the 
mercury well separation in the meters, it is an ideal 
condition for the midge fly to gain access to the 
finished water by entering the vent pipe and laying 
eggs which upon hatching permit access directly to 
the finished water and on into the system. Any 
kind of structural fault or separation of joints per-
mits direct entrance to the stored water. 
Laboratory studies relating to bloodworms and 
chironomous larvae, under the heading of chemical 
treatment, mention extremely high concentrations 
of copper sulfate (such as 10 mg/ l with twenty-
four hours contact, chlorine dioxide 7 mg/ l with 
twenty-four hours contact) as being effective kill-
ing concentrations. Some insecticides such as DDT 
report a lethal dosage of .04 mg/ l with eight hours 
contact, .007 for dieldrin and .012 for Aldrin. These 
were reported in 1956 in an article by J. K. G. 
Silvey. <1 > 
M. E. Flentje< 2 > reported using .01 mg/ l DDT 
to destroy chironomous larvae in two reservoirs 
successfully. 
Although the author has had no experience with 
the use of the insecticides in a public water supply, 
it is obvious that their use would of necessity re-
quire the approval of the state and federal health 
authorities. Even then, by preference, I would use 
it in parts of the plant or the system that could be 
isolated from the public supply during the treat-
ment and holding period. 
To sum up the case against chironomous, we 
can conclude that all avenues of entrance to the 
finished water should be closely checked and closed; 
that certain backwashing procedures and sampling 
should arrest and check the advance of the larvae 
through the plant, and that flushing and/ or chem-
ical treatments are available as a corrective meas-
ure if the problem is located in the distribution 
system. 
Another not uncommon infestation is cyclops. 
An adult cyclops can sometimes exceed 2.0 mm in 
length and if present in a drinking water glass can 
be seen by the naked eye. They will attract atten-
tion when light is reflected off the body. They arc 
quite common in surface waters and are carried 
into the plant and onto the filters. However, the 
adult cyclops is very easily killed. 
We were alerted to an infestation of cyclops in 
our distribution system in 1953 when we received 
calls from five or six customers located in a very 
small area of the extreme east end of the city. 
This area is served from our Fall Creek treatment 
plant and each of the calls came from the extreme 
end of mains, which were dead ended as they met 
a railroad. Collection of samples from the resi-
dences and the hydrants at the end of mains con-
firmed the presence of cyclops and canthacamptur. 
Collection of samples from dead ends in that part 
of the system served by the White River plant did 
not show any evidence of an infestation. 
The Fall Creek stream has a six million gallon 
impounding reservoir in the main channel about 
twelve miles upstream from the plant intake. We 
immediately began collecting samples from the 
reservoir bayous, from the outflow, along the 
stream, at the plant intake, from the settled water, 
and on filter effluents, as well as from other loca-
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tions in the distribution plant. The evidence col-
lected by samplers showed that the cyclops were 
present in larger numbers than usual at the reser-
voir. In particular, they were blooming in the 
bayous and being carried in the water that flowed 
out of the reservoir, which at that time was below 
the spillway. They were in evidence through the 
entire stream flow and, of course, at the plant 
intake. 
Sampling of ettled water at the plant, however, 
indicated that a ll of the adult cyclops were being 
killed by the normal chlorine application to the raw 
water. This application was 4 to 5 mg/ I which pro-
duced a free available chlorine residual of approxi-
mately 1.2 mg/ I at the end of the mixing portion 
of the basin or after 45 minutes contact. At the end 
of the settling basin, or approximately four hours 
after the initial chlorine application, the residual 
is normally .8 mg/ I. This is normal treatment in 
our plant and is 100 per cent effective in killing off 
the adult cyclops. However, in observing those 
adults carried onto t he top of the filter, we dis-
covered that many of t he females were carrying 
egg sacs. Even though the adult was dead, the egg 
sacs had not been penetrated. The eggs could be 
hatched in a relatively hort time in the 20°C incu-
bator and a normal active adul t cyclops developed 
after going through the growth cycle. Each female 
carried two egg sacs and the number of eggs in each 
sac varied between seven and twenty. An indi-
vidual egg measured 3 to 4 microns in diameter. At 
one time, twenty-two egg sacs were counted per 
square inch of filter surface. The egg sacs ruptured 
on the filter surface and sampling of the filter 
effluents showed that as many as three to five indi-
vidual eggs per liter of water were present. These 
individual eggs were hatched out in the incubator . 
We concluded that the cyclops infestation was due 
entirely to the eggs being released from the sacs, 
passing the filter, being carried through the system 
until the velocity was insufficient to move them, 
and finally corning to re t and hatching. 
On the basis of laboratory work, we found t hat 
an application of copper, chlorine, and ammonia was 
applied to produce a copper residual of 3 rng/ l as 
Cu S04 .5H20. A combined chlorine residual of no 
less than .5 mg/ I wa effective in less than five hours 
in killing the species as it emerges from the egg. 
A 2 mg/ I copper residual with the same residual 
chlorine killed the emerging cyclops in about 12 
hours and a 1 mg/ I copper residual killed them in 
about 24 hours. Our corrective treatment at the 
plant, then, was the application of copper, chlorine, 
and ammonia on settled water to provide between 
2 and 3 mg/ l residual copper in the distribution 
system. This application continued unt il settled 
water samples showed that the bloom of cyclops 
had ended and the adul ts were no longer ra rr~· in g 
egg sacs onto the filter. 
Along with the chemical treatment, the dead 
ends were flushed, both to rid the system of those 
organisms already there and to move the copper 
residual into the dead ends as quickly as possible. 
This provided an effective instrument of control 
and, although the bloom of cyclops continued over 
a long time-in fact, until the rainfa ll was sufficient 
to restore the reservoir to full elevation - no fur-
ther complaints were recorded from the customer 
once the copper-chlorine -ammonia treatment 
reached the dead ends. 
The laboratory work indicated that some 
worms, water fl eas, and rotifers were also effectively 
killed by the copper-chlorine-ammonia treatment. 
The most immedi ate lesson seems to be that the 
effectiveness of any kind of treatment depends in a 
large measure on the cleanness of the distribution 
system. No treatment can be effective if the dead 
ends of the system remain stagnant, hold chlorine-
dernanding material, or contain a water which is 
favorable for an infestation to develop. 
This kind of experience demands that the water 
works operator set up a routine schedule for the 
flushing of all of the dead ends in a distribu tion 
system periodically and that regular sampling of 
filter effluents be established so that the operator 
will be aware of any possible causes of an infesta-
tion at the time it is going through the plant. Thi~ 
requires more than a catch sample. 
Many other animal organisms or species have 
been recorded as predominant in infestations. We 
do not have the time to discuss each one indi-
vidually. A listing of those most commonly rec-
ognized includes - Nematoda, nais worm , D aph-
nia, and Bosmina and some of the algaes. I urge 
all of you to obtain a copy of the Ameri can Water 
Works Association M7 manual entitled Animals 
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Associated With Potable Water Supplies. It is an 
identification guide which illu trates many of the 
common offenders in infestations, giving general 
descriptions and ecology. The manual was com-
posed by Dr. William M . Ingram and Dr. Alfred 
F. Bartsch, of the Robert A. Taft Sanitary Engi-
neering Center at Cincinnati. 
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Tuesday, January 29, 1963 
8:30 a.m. Registration: R. K. N ewton, Corridor, 
Third Floor, Illini Union 
MORNING SESSION: G. E. Margrave, 
Presiding; Room 314, Illini Union 
10:30 a.m. Welcome and Introductory Remarks: 
C. W . Klassen and N. M. N ewmark 
11 :00 a.m. "What Is Quality Water?": Raymond 
J. Faust 
12:00noon Luncheon: Ballroom, Illini Union 
AFTERNOON SESSION : R . E. Speece, Pre-
siding; Room 314, Illini Union 
1 :00 p.m. "Corrosion Phenomena, Causes and 
Cures": T. E. Larson 
1 :30 p.m. "Some Experiences in Scale and Corro-
sion Control": A. H . Ullrich 
2:00 p.m. "Manganese, Iron and Copper Prob-
lems": John C. K earns 
3: 00 p.m. "Manganese in Water Distribution Sys-
tem": A . E. Griffin 
3:30 p.m. "Copper Corrosion": George B . Hatch 
4:00 p.m. "Residual Chlorine in Distribution Sys-
tems": James V. Feuss 
4:30 p.m. Adjourn 
EVENING SESSION: W. J. Downer, Pre-
siding; Garden Room, Urbana-Lincoln 
Motor Inn 
7:00 p.m. Dinner 
8:00 p.m. Address : W . J. Roberts 
Wednesday, January 30, 1963 
MORNING SESSION: 0. S. Hallden, Pre-
siding; Room 314, Illini Union 
9: 00 a.m. "Adverse Effects of Poor Circulation in 
Small Water Distribution Systems": 
John C. Guillou 
9: 30 a.m. "Adverse Effects of Poor Circulation in 
Large Water Distribution Systems": 
J. J. Rossbach, Jr. 
10:30 a.m. "Actinomycetes in Water Distribution 
Systems": J. K . G. Silvey 
-- ---
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11 : 00 a.m. "Pathogenic Bacteria and Viruses in 
Water Supplies": P. W. Kabler 
11 :30 a.m. "Animal Infestations in Distribution 
Systems": W. M . Ingram 
12: 00 noon Luncheon: Ballroom, Illini Union 
AFTERNOON SESSION: J. T. O'Connor, 
Presiding; Room 314, Illini Union 
1 :00 p.m. "Iron Bacteria" : F. M. Clark 
1 :30 p.m. "Biological Infestations in Water Dis-
tribution Systems": M. P. Crabill 
2:00 p.m. Adjourn 
Speakers 
Dr. Francis M. Clark, Professor of Microbiology, 
University of Illinois, Urbana, Illinois 
Mr. Marshall P. Crabill, Vice-President of Opera-
tions, Indianapolis Water Company, Indianapolis, 
Indiana 
Mr. William J. Downer, Chief, Bureau of Public 
Water Supplies, Division of Sanitary Engineering, 
Illinois D epartment of Public Health, Springfield, 
Illinois 
Dr. Richard S. Engelbrecht, Professor of Sanitary 
Engineering, University of Illinois, Urbana, Illinois 
Dr. Ben B . Ewing, Professor of Sanitary Engineer-
ing, University of Illinois, Urbana, Illinois 
Mr. Raymond J. Faust, Executive Secretary, Amer-
ican Water Works Association, Inc., New York, 
New York 
Mr. James V. Feuss, T echnical Consultant, Water 
and Waste Treatment, Wallace and Tiernan Inc. , 
Belleville, Jew J ersey 
Mr. Attmore E. Griffin, Water Treatment Consult-
ant, Pompton Plains, New Jersey 
Mr. John C. Guillou, Associate Professor of Hy-
draulic Engineering, University of Illinois, Urbana, 
Illinois 
Mr. Otto S. Hallden, Sanitary Engineer, Bureau of 
Public Water Supplies, Division of Sanitary Engi-
neering, Illinois D epartment of Public H ealth, 
Springfield, Illinois 
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Dr. George B. Hatch, Chemical Research and De-
velopment, Hagan Chemicals and Controls, Inc., 
Pittsburgh, Pennsylvania 
Dr. William M . Ingram, In Charge, Biological, 
Chemical, and Oceanographic Activities, Field Op-
erations ection, Technical Services Branch, Divi-
sion of Water Supply and Pollution Control, Robert 
A. Taft Sanitary Engineering Center, Cincinnati, 
Ohio 
Dr. Paul W. Kabler, Chief of Microbiology, Divi-
ion of Water Supply and Pollution Control, Robert 
A. Taft Sanitary Engineering Center, Cincinnati, 
Ohio 
Mr. John T. Kearns, Chief Sanitary Engineer, 
American Water Works Service Company, Inc., 
Philadelphia, Pennsylvania 
Mr. Clarence W. Klassen, Chief Sanitary Engineer, 
Divi ion of Sanitary Engineering, Illinois Depart-
ment of Public Health, Springfield, Illinois 
Dr. T. E . Larson, H ead, Chemistry Section, Illinois 
tate Water Survey, Urbana, Illinois 
Mr. Gerald E. Margrave, Sanitary Engineer, Bu-
reau of Public Water Supplies, Division of Sanitary 
Engineering, Illinois Department of Public Health, 
Springfield, Illinois 
Dr. N. M. Newmark, Professor of Civil Engineer-
ing and Head, Department of Civil Engineering, 
University of Illinois, Urbana, Illinois 
Mr. Robert K. Newton, Head, Engineering Exten-
sion, Division of University Extension, University 
of Illinois, Urbana, Illinois 
Dr. John T. O'Connor, Assistant Professor of Sani-
tary Engineering, University of Illinois, Urbana, 
Illinois 
Mr. W. J. Roberts, Engineer, State Water Survey, 
Champaign, Illinois 
Mr. Joseph J. Rossbach, Jr., Metropolitan Utilities 
District, Omaha, Nebraska 
Dr. J. K. G. Silvey, Professor of Biology and Chair-
man, Division of Science, North Texas State Uni-
versity, Denton, Texas 
Dr. Richard E. Speece, Assistant Professor of Sani-
tary Engineering, University of Illinois, Urbana, 
Illinois 
Mr. Albert H. Ullrich, Superintendent, Department 
of Water and Sewage Treatment, City of Austin, 
Austin, Texas 
The Engineering Experiment Station was established by act of the 
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